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This  report  has  bttn  prepared  by  the  Aviation  Safety  Engineer- 
leg  Division  of  the  Flight  Safety  Foundation  under  the  terns  of 
Contract  DA  44- 177-AIC- 116(T) .  The  technical  objective*  of  thl* 
contract  were  to  develop  engineering  design  criteria  which  will 
contribute  to  increased  era*!"  Z2*mt~  ror  ih«  occupants  and  opera¬ 
tic*  ii  army  aircraft. 

This  report  deals  specifically  with  the  reacults  of  a  study  to 
develop  improved  head  protection  devices,  fbc  investigation 
was  primarily  devoted  to  a  quantitative  solution  of  the  helmet 
shell  and  liner  structural  response,  impact  resistance,  and  energy- 
absorbing  properties.  Qualitative  considerations  were  given  to 
helmet  retention,  communications,  and  other  related  •vb*y*tas:s. 

The  method  of  testing  Is  briefly  analysed  and  will  be  the  subject 
of  a  more  detailed  follow-on  study. 

Conclusions  and  recommendations  contained  herein  are  concurred 
in  by  this  commanr*. 
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SUM  MAR  Y 


The  major  crash  survival  variables  affecting  the  design  and  testing  of 
U.  S.  Army  airerewmen  helmets  are  presented  and  dircussed  in  this 
report.  Such  factors  as  head  acceleration  iimits,  impact  velocity, 
impact  surfaces,  impact  sites,  suspension  and  retention  harnesses. 

ventilation,  impact  test  methods,  and  structural  concepts  are 
con  side  red- 

An  examination  of  all  available  data  on  the  tolerance  of  the  human  head 
to  deceleration  was  conducted-  Consideration  was  given  to  an  analysis 
of  acceptable  design  limits.  A  parallel  study  of  head  injuries  occurring 
in  aircraft  accidents  was  conducted  to  determine  the  significant  injury 
areas  of  the  head  and  correlate  this  to  protection  area  and  techniques - 
A  cockpit  Purvey  was  conducted  to  develop  criteria  for  testing  she 
helmet  and  .iner  materials. 

Consideration  was  given  during  the  program  to  a  preliminary  investi¬ 
gation  of  helmet  retention  systems  a *ad  head  cooling  technique*. 

A  scries  of  instrumented  drop  tests  was  conducted  to  investigate 
various  helmet  design  concepts  and  material*.  Double  ~*fccl!  and 
single -shell  helmets  of  nearly  equal  weight  were  analyzed. 

The  advantages  and  disadvantages  of  three  different  method*  of  helmet 
impact  testing  are  discussed. 
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BACKGROUND 


For  a  number  of  years,  tee  U,  S.  Artey  has  studied  the  problem  of  head 
protection  for  its  aviator*.  The  Army  has,  since  1 954,  used  the  Ail 
Purpose  Helmet  *§  tAFH-5?  developed  by  the  Navy.  The  APH-5  helmet 
has  reduced  the  number  asd  severity  of  head  injuries;  however,  the 
helmet  is  nst  devoid  5?  operational  deficiencies  as  has  been  amply  out¬ 
lined  in  a  report  esifUsd  Design  Criteria” &•  unde?  a  previous 

V.  3.  A r Bay  study.  §*&me  of  the  concepts  developed  in  this  report  are 
based  upon  the  ides*  devslose^l  in  the  previous  study. 

Several  modifications  is  the  existing  helmet  S»*v*  Keen  mad*  by 

the  Natick  Engineering  and  Research  Laboratories  over  the  past  several 
yerrs.  These  consisted  primarily  of  the  following  items: 

1.  A  more  shatter-resistant  shell  consisting  os  ballistic  resistant 
nylon  cloth  rather  than  fiber  glass  doth.  The  shell  offers 
ballistics  protection  equal  to  that  of  a  steel  shell  fhg- 1)  dough¬ 
boy  helmet:  that  is*  protection  for  a  fragment  at  1.050  feet  per 
second  velocity*  The  fragment  weighs  17  grains  and  is  slmrclated 
by  a  caliber  .  22  steel  truncated  cone. 

2.  A  redesigned  adjustable  nape  strap  So  improve  the  retention 
capacity. 

3.  Nylon  slides  replacing  metal  slides,  originally  used  for  retaining 
ibe  visor,  so  as  to  reduce  the  injury  producing  potential  of  these 
protuberances. 

The  changes  referenced  above  have  improved  the  APH-5  helmet.  How¬ 
ever.  a  review  of  the  requirements  lor  head  protective  devices  leads  to 
the  conclusion  that  a  system  analysis  of  all  pertinent  parameters  with 
as  eventual  synthesis  of  these  parameters  is  necessary  in  order  that  new 
design  criteria  can  be  developed.  This  report  integrates  new  structural 
concepts  and  materials  with  other  factors  pertinent  to  optimum  head 
protection  for  aircraft  accident  situations. 


•The  superscript  numbers  refer  to  references  listed  on  pages  60,  61, 
and  62. 
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CONCLUSIONS 

■MMM 


Tbt  results  of  this  study,  together  with  certain  assumption^  permit 
the  following  conclusions: 

1 .  Protection  for  heed  impect  onto  rigid  surfaces  with  velocities  of 
approximately  20  feet  per  second  can  be  provided  wife  helmets 
of  reasonable  Cl  .25  inches)  thickness. 

2.  The  cushioning  material  and  the  design  G  level  for  a  helmet  are 
functions  of  the  anticipated  maximum  impact  velocity  to  be  en¬ 
countered  nu»  service". 

3.  Design  G  levels,  based  upon  presently  available  medical  data, 
should  be  between  90G  and  IfcOG  depending  upon  the  helmet 
thickness  aid  the  factor  of  safety  desired. 

4.  Protection  against  repetitive  impacts  in  the  same  area  of  the 
helmet  does  not  appear  to  be  necessary.  Provision  for  such 
protection  would  generally  be  undesirable  because  of  the  rebound 
characteristics  of  the  elas'ic  cushioning  materials  required  to 
effect  such  protection. 

5.  Head  protective  coverage  should  extend  downward  to  Just  above 
the  eyebrow  in  the  frontal  area,  just  below  the  base  of  the  skull 
(occipital)  in  the  rear,  and  just  below  the  ear  canal  (tragus)  a: 
either  side. 

ft.  The  double -shell  helmet  as  tested  in  this  study  offers  better 
overall  decelerate  load  protection  than  the  presently  used 
service  helmets  of  equal  weight. 

?.  The  double -shell  type  helmets  with  annealed  metal  outer  shells 
(aluminum  and  magnesium)  produced  lower  rebound  velocities 
than  any  of  the  other  shells  tested;  therefore,  if  it  is  assumed 
that  low  rebound  velocities  are  desirable,  the  annealed  metal 
outer  shells  are  preferable  over  all  other  types  of  shells  tested. 

ft.  The  specification  of  stress-strain  characteristics  for  energy- 
absorbing  materials  would  be  preferable  to  the  current  specifi¬ 
cation  of  foam  density,  because  energy-absorbing  foams  of  equal 
density  may  vary  widely  is  their  stress-strain  values. 
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9.  A  susp esatfs&a  system  similar  ts  th*t  ^e»cjribed  la  thin  report 

:s  comfortable  ss  a  result  of  law  csssiact  pressures  and  si  appear* 
adaptable  te  the  application  ei  !\>?c *d - dentils ration  cooling  systems , 

10.  A  ’'sedtar-ifpe*  rsirMisn  system,  similar  t&  that  described  Is 
this  report.  appeared  to  offer  |sc^  retention  capability  Tbs* 
type  el  bim**,  whether  it  it  fabricated  from  set  or  wcfebStsi 
mtttrUl  I*  to  he  br«t  approach  to  a  retention  system 

1  i .  While  satara!  helmet  will  be  helpful  ia  moderate 

climate**  severe  eeotfstios*  demand  the  st«  <?i  forced  vcfetllfttksi 
asd/or  cooling  for  comfort, 

12,  A  iix.»Ue,  head-length  and  head-breadth  system  will  eigmftcanfiy 
redace  the  clearance  between  the  head  end  the  helmet  as  com¬ 
pared  with  a  three -site  system;  hceet#?,  the  Tst!^  retention 
system  as  used  is  this  study  appears  to  reduce  the  seed  for  close 
helmet  fit.  and  a  three -sise  system  is  believed  acceptable  with 
a  sling  or  set  retention  harness. 
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RECOMMENDATIONS 


It  U  recommended  that: 

1 »  Faith* r  rewirch  be  conducted  on  head  acceleration  limit*  with 
particular  emphatic  on  fa)  gacosscioutoess  limit*,  fb)  fatal 
limit*,  (t)  the  effect  of  pulse  Chape  and  duration  or,  these  limit*, 
and  fd$  the  effect  of  rebound' velocity . 

2.  A  ciudy  be  conducted  to  determine  the  physical  requirement*  of 
helmet  retention  fears*****. 

?.  Further  research  be  conducted  tc  establish  an  optimum  xest 
method  to  be  used  for  qualifying  teat  aircrewtsutn  helmet*  with 
emphasis  to  be  placed  upoh  comparative  result*  *£ich  will  be 
obtained  Is  using  the  fisted  anvil  and  fa«d  head  method*. 

4.  Manufacturers  of  helmet*  using  foamed-is-place  material* 
be  required  to  verify  the  ttre«t«ftni&  properties  ■*■  the  foam. 
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APPROACH  TO  THE  FBO&LEM 


The  design  helmrt*  for  use  by  U.  S,  Army  aircrews  necessitate* 
consideration  of  m*ay  requirements  which  have  bees  established  by  the 
Army**  operational  experience  with  aircraft  since  World  War  II,  These 
requirements  were  agreed  upon  b?  a  Task  Group  co©ipe#«d  of  the  per- 
tsaent  Army  agencies.  which  met  in  late  l^hi  and  the  early  part  of  I9&2. 
The  requirements  deemed  necessary  at  that  are  summarised  below 
from  the  detailed  reports  oi  the  confe reaces,  *4  ' 

List  of  Helmet  Requirement*: 

1-  Helmet  should  be  compatible  with  voice  communications  equip¬ 
ment  and  should  provide  attenuation  against  excessive  noise. 

Z.  Helmet  should  be  compatible  with  an  integrated  son  visor. 

3 .  Helmet  should  provide  eye  protection  against  nuclear  weapons 
flash  blindness. 

4.  Helmet  should  be  compatible  with  oxygen  and  gas  masks. 

5.  Helmet  should  provide  ballistics  protection. 

6.  Helmet  should  be  comfortable.  (This  automatically  dictates  light 
weight  and  some  method  c i  cooling  the  helmet  in  high  temperature 
environments . ) 

7.  Helmet  should  provide  crash  protection. 


Obviously,  some  of  these  requirements  are  contradictory;  for  example, 
complete  ballistics  protection  is  not  compatible  with  light  weight  and 
comfort,  that  is.  protection  against  .  30  caliber  ammunition.  The 
integration  of  all  these  requirements  into  one  helmet  concept  is  a 
formidable  task,  which,  in  fact,  appears  to  be  attainable  only  by  com¬ 
promising  some  of  the  requirements.  The  approach  taken  in  this  study 
is  to  consider  crash  protection  (the  primary  reason  for  the  wearing  of 
a  helmet)  as  the  first  objective,  with  the  full  knowledge  that  the  other 
functions  can  be  added  at  the  cost  of  increased  weight  *nd  decreased 
crash  protection.  It  is  conceivable  that  two  helmeti  one  for  peace¬ 
time  operation,  and  one  for  combat  usage  might  be  practical.  The 
peacetime  helmet  would  incorporate  communications,  while  the  combat 
helmet  would  incorporate  other  major  features.  Such  an  approach 


would  leave  Use  fiatitnl  pilot,  for  example*  unburdened  will;  ^aisie eeseary 
beimot  ^sipMS!.  An  assal?3i«  of  the  feasibility  of  developing  two 
ttdm&ts  w*»  hsysai  ihe  teope  of  this  ttudy  and  would  be  iubjec?  to  many 
trade-off*  ieoat,  lofiatic*.  etc,  >;  therefore,  the  paramount  consideration 
was  directed  tsrtrdc  €*a*e  protection. 


ANALYSIS  OF  THE  PKGSLEM 


A?  already  n&*ed.  this  ntp-att  it  concerned  primarily  with  a  study  of 
crash  C impact)  protection;  however,  the  other  factors  which  have  a 
direct  bearing  %  helmet  design  are  considered.  Each  c£  the  items 
pi^rio&siy  Hated  in  Approach  to  the  Problem  (page  Si  is  discussed 
briefly  in  Appendix  1.  All  of  She  available  literature  pertinent  to  the 
design  of  sire  rewmen  helmets  was  reviewed.  A  summary  of  the 
iH&raiure  which  was  considered  as  background  information  for  Shis 
project  is  included  is  the  bibliography.  Tbs  bibliography  has  been 
used  as  appropriate  in  this  report. 

In  order  to  achieve  a  crashworthy  helmet  at  well  as  a  comfortable 
hrfeiet  for  alrcrewmeis.  several  factors  must  fee  correlated.  These 
facto?#  are  as  follows:  (1)  the  impact  velocity,  |2>  head  tolerance  to 
deceleration*  (5>  nature  of  flee  Impact  surface e  141  the  probable  lo¬ 
cation  of  tbtr  Impact  s©  the  head,  ?S|  suspension  methods,  (b!  retention 
methods,  and  (?!  rising  (fij|  The  first  four  factors  arc  discussed  >« 
this  section.  Suspension  methods,  retention  methods,  and  Siting 
methods  are  discussed  in  Appendices  IV,  V.  and  VI.  Helmet  comfort 
and  cooling  are  also  relegated  to  Appendix  V!2  since  they  affect  im¬ 
pact  protection  only  indirectly. 

The  impact  testing  of  helmets  to  determine  their  compliance  with  crash 
protective  design  retirements  is  also  of  primary  interest;  therefore, 
an  analysis  and  discussion  of  various  testing  methods  is  included  in 
Supplement  I. 


IMPACT  VELOCITY 

Very  little  is  known  about  the  relative  velocity  of  the  head  and  the  striking 
surface  in  aircraft  accidents.  Since  this  variable  obviously  affects 
helmet  design,  it  was  necessary  in  this  study  to  take  as  indirect  approach 
to  determine  impact  velocity  limits.  This  was  done  by  considering 
(l)  the  maximum  relative  velocities  that  can  be  permitted  when  reason¬ 
able  helmet  dimensions  are  maintained,  (2)  the  impact  protection  pro¬ 
vided  by  the  existing  APH-5  helmet,  and  (3)  the  velocity  changes  which 
are  admissible  from  the  human  tolerance  standpoint  in  short  duration 
impacts  as  discussed  in  the  Head  Acceleration  Limits  section  (pages 
iO  through  18). 
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Aa  correlation  IwiWHMsa  the  velocity  change  and  helmet 

thickness  (mere  accurately,  the  crushable  material  thickness)  at  given 
acceleration  levels  is  shows  in  Figure  1.  The  material  thickness 
given  in  this  figure  is  baaed  upon  an  assumed  rectangular  acceleration* 
time  pulse;  thus,  the  thickness  given  is  the  minimum  which  would  be 
acceptable  even  with  ideal  ec&aitioos.  Note  that  the  material  thickness 
required  to  absorb  the  energy  of  the  moving  head  at  46  feet  per  second, 
with  an  acceleration  leva*  of  1050-  is  about  5  inches.  This  thickness 
is  obviously  Impractical  since  an  increased  helmet  thickness  carries 
with  it  a  two-fold  penalty  of  increased  weigat  and  increased  sire. 

The  weight  of  the  helmet  must  be  minimal  for  optimum  cemlort. 
Minimum  weight  may  also  be  a  factor  in  reducing  head  and  neck  injuries 
in  accidents.  The  weight  of  the  human  head  for  a  50-percentile  man  is 
approximately  il  pounds;  the  existing  APH-5  helmet  weight  is  approxi¬ 
mately  3.  7  pounds,  and  the  proposed  ballistic -resistant  nylon  helmet 
weighs  over  4  pounds.  Tints,  the  ratio  of  heimet-to-head  weignt 
currently  is  about  40  percent.  A  discussion  oi  toe  APH-5  weight,  by 
Captain  Richard  £.  Luebrs  oi  the  U.  S.  Navy  in  a  recent  helmet  sym¬ 
posium  indicates  that  Navy  pilots  in  aircraft  carrier  ditching  accidents 
are  seen  sitting  in  an  intact  restraint  harness,  making  no  attempt  to 
extricate  themselves  before  the  aircraft  sinks.  It  nas  been  thevrized 
that  the  49-percent  increase  in  head  weight  with  the  corresponding  high 
inertia  loads  in  tre  neck  is  contributing  to  unconsciousness  of  pilots  in 
these  accidents 


The  upper  limit  ce  the  ii«  of  the  helmet  appears  to  be  governed  by 
(1)  cockpit  sise  limitations,  (2)  visual  limitations,  and  (3)  operational 
comfort.  The  cockpit  site  of  U<  S.  Army  aircraft  does  not  appear  to 
be  a  limiting  factor;  however,  detailed  measurements  would  be  required 
using  95th  percentile  personnel  seated  in  the  smallest  cockpits  to  de¬ 
termine  this  limitation.  The  accepted  visual  requirement  of  15  degrees 
upward  from  the  horizontal  limits  the  frontal  thickness  to  about  3  inches 
for  a  helmet  fitted  just  above  the  eyebrows.  Helmets  of  excessive 
dimensions  impose  high  neck  torsional  moments  in  rapid  rotations  of 
the  head,  inducing  fatigue.  ^  Thus,  from  a  standpoint  of  helmet  weight 
and  size,  the  impact  velocity  is  limited. 


It  is  shown  in  Appendix  II  that  when  the  APH-5  helmet  was  retained  is 
place  daring  an  impact,  head  injuries  were  reduced  by  about  65  percent. 
As  Air  Force  study  indicates  a  similar  reduction  of  injuries  for  flier* 
wearing  helmets.  3  The  energy-absorbing  liner  of  the  APH-5  is  about 
9/16  inch  thick.  Thus,  some  increase  in  thickness  beyond  this  value  is 
desirable  if  optimum  protection  is  to  be  provided  at  the  impact  velocities 
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occurring  in  accident#  similar  to  those  which  have  occurred  in  the  past. 

The  foregoing  discussion,  while  indicative  of  tho  effects  of  impact 
velocity  upon  helmet  dimensions,  does  not  fix  numerical  values  for  the 
pertinent  variable*.  The  helmet  thickness  a#  a  function  oi  impact 
velocity,  when  head  acceleration  limits  are  considered,  is  discussed 
in  the  following  section. 


HEAD  ACCELERATION  LIMITS 


Research  on  head  tolerance  tc  accelerative  loads  has  resulted  in  the 
publication  of  numerous  papers  in  this  field.  The  purpose  of  this  section 
is  to  review  briefly  a  number  of  key  references  in  order  to  determine 
design  acceleration  values  for  aircrew  helmets.  The  reader  is  referred 
to  the  Head  Acceleration  Limits  section  of  the  bibliographr  for  a  com. 
preheassve  listing  of  publications. 

Before  discussing  the  maximum  acceleration  values  which  the  head  can 
sustain  without  injury,  mention  should  be  made  of  the  effect  of  the  rate 
of  change  of  acceleration  (da/dt)  sometimes  called  the  rate  of  onset  of 
acceleration  or  simply  onset  rate.  This  effect  on  acceleration  limits 
has  not  been  clearly  established.  An  acceptable  acceleration  onset 
rate  probably  lies  somewhere  between  20, 000  and  200, 000G  per  second. 
The  former  value  is  declared  acceptable  by  the  New  York  State  Boxing 
Commission  for  the  material*  used  in  boxing  platforms  while  the  latter 
is  quoted  by  Rawlins  so  an  upper  limit.  *  *  A  value  of  100, 000C  per 
second  may  be  admissible;  however,  use  of  lower  value*  is  certainly 
desirable  un&l  the  effect  of  this  variable  on  head  tolerance  is  more 
firmly  established. 


Early  efforts  to  determine  the  resistance  of  the  body  to  decelerative 
forces  are  exemplified  by  De Haven**  "Mechanical  Analysis  of  Survival 
in  Fails  from  Heights  of  Fifty  to  One  Hundred  and  Fifty  Feet***  published 
In  1942.  This  study  indicated  that  the  whole  body  (when  impacted 
transverse  to  the  spine)  could  survive  average  accelerations  of  150G  for 
short  jrtrious  to  0.012  second),  is  view  of  the  relatively  flexible 

ft*£k«to^for$o  attachment  {approximately  IOC  maximum  resistance)  it 
seen- ft  logical  to  assume  that  the  head  sustained  an  acceleration  equal 
to  itOLi  of  the  whole  body  in  the  above  fall*  and  shat  this  range  of  head 
acceleration  is  survivable. 
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Or.  Gurdjiw  and  hit  associates  at  Wayne  State  University,  Detroit, 
Michigan,  have  conducted  extensive  experiments  to  determine  the 
mechanism  of  brain  injury  both  with  cadavers  and  live  animals;  their 
work  on  skull  fracture  and  concussion  appears  to  be  in  agreement  with 
injuries  sustained  in  accidents  involving  the  living  human.  Dr.  Gurdjian 
and  co-workers  assumed  that  -'since  many  cases  of  linear  fracture  in 
clinical  experience  are  associated  with  an  unconscious  state,  it  was 
felt  that  when  a  linear  fracture  was  obtained,  in  a  human  cadaver,  a 
moderate  to  severe  coccussive  effect  would  also  occur";'  thus,  the 
data  obtained  in  the  fracture  of  cadaver  skulls  were  correlated  with 
animal  concussion  limits  and  human  clinical  data  to  obtain  the  accelera¬ 
tion-time  curve  shown  in  Figure  2.  This  curve  is  a  plot  of  the  average 
acceleration  versus  the  total  period  of  the  impulse  required  to  approach 
unconsiousness  limits  as  discussed  in  reference  9. 
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Figure  2.  Comparison  of  Wayne  Slate  University  Head  Acceleration 
Data  With  Snell  Foundation  Data. 

Dr.  Saively  of  the  Snell  Foundation.  Sacramento.  California,  has 
arrived  at  survivable  head  acceleration  limits  threu^  ti*  correlation 
of  nonfatal  head  injury  cases  with  helmet  damage.  Laboratory  tests 
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were  conducted  using  dummy  beadform*  wearing  helmets  identical  to 
the  protective  gear  which  had  been  involved  in  actual  accidents.  By 
measuring  the  accelerations  produced  in  the  laboratory  in  impacts 
resulting  in  the  same  helmet  damage  as  for  the  accidents,  an  approxi- 
matioo  of  the  accident  pulse  was  obtained.  His  paper  unfortunately 
included  the  maximum  liner  deflection  and  acceleration  only;  however, 
in  discussions  with  Dr.  Snivel},  it  was  established  that  the  pulse  shapes 
involved  were  nearly  triangular.  Assuming  this  to  be  the  case  and  also 
assuming  that  the  maximum  liner  deflection  during  loading  was  20  per* 
cent  greater  than  the  liner  deflection  value  recorded,  the  pulse  times 
were  computed.  These  data  points  are  superimposed  on  the  cadaver 
test  data  of  Wayne  State  University  in  Figure  2.  Obviously,  no  great 
reliability  can  be  placed  on  this  data  because  of  the  approximations 
made  in  obtaining  it.  The  data  does,  however,  indicate  agreement  with 
the  tolerance  curve  of  Dr.  Gurdjian  and  his  colleagues. 

In  order  to  establish  a  design  acceleration  level  for  energy-absorbing 
helmets,  the  hssts  limits  to  decelerative  loads  end  the  practical  limits 
of  helmet  thickness  must  be  correlated.  The  following  analysis,  al¬ 
though  only  approximate  because  of  (D  the  limited  data  available  on 
accelerative  limits  to  head  impacts  and  (2)  the  assumptions  made  with 
respect  to  pulse  shape  and  its  effect  on  head  acceleration  tolerance, 
does  illustrate  the  basic  relationships  between  the  pertinent  variables. 

The  acceleration-duration  relationship  as  obtained  in  the  Wayne  State 
University  tests  on  cadavers  ^  is  shown  in  Figure  3.  In  this  plot 
(curve  l)  the  accelerations  (»A»Vg*  *****  P5^**  duration  (t)  ere  those 
illustrated  in  Figure  4A.  Based  upon  a  triangular  pulse  shape*,  the 
maximum  acceleration  is  twice  the  average  acceleration  as  shown 
in  curve  2  of  Figure  3. 

Curve  2  in  Figure  3  thus  gives  the  peak  acceleration  versus  the  complete 
pulse  duration  based  on  the  triangular  pulse.  It  is  not  known  whether 
head  tolerance  to  pulses  of  ether  shapes  can  be  extrapolated  from  curves 
1  and  2;  however,  for  the  purpose  of  this  analysis,  it  is  assumed  that 
puisea  which  do  not  differ  greatly  from  the  basic  triangular  pulse  and 
which  possess  the  same  energy  per  unit  mass  (same  velocity  change) 
will  cause  similar  damage  to  the  human  brain. 

*  in  communications  between  the  authors  of  this  report  and  L.  14.  Patrick, 
co-author  of  reference  12,  it  has  beer,  established  that  the  pulse  shapes 
obtained  in  the  cadaver  tests  were  very  nearly  triangular  in  shape. 
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Figure  3.  Acceleration -Time  History  in  Humans.  Based  on  Head 
Impacts  on  Cadavers.  Animals,  and  o*s  Clinical 
Observations  of  Humans. 

Figure  4B  illustrates  a  typical  pulse  as  obtained  in  the  experimental 
tests  described  in  this  report. 
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Figure  4,  Shapes  of  Pulses  Used  in  Human  Tolerance  Study. 
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7b*  approximate  bunas  1*>1«  races  to  thi*  pulse  is  t&ea  foxatvi  as  described 
below. 


Letting 

V  *  Velocity  at  Impact 

a  *  PfiK  Acceleration 

V  *  Pal«  Duration 

A*  B  *  Subscript*  associated  with  Tigs*?*#  4A  and  41* , 


then,  from  Figure  4A, 


V 


0.  75 


,  «  aAt  ,  *  0.75  a*  t  * 

initial  2  A  A  A,v;  A 


d  J 


From  Figsre  48. 

V  *  *B  (0.60tB)  ♦  aB^S7t  C2) 

initial 


Since  VA  a  for  equal  energy,  equating  equation*  {i>  and  (2)  gives 
70  -^fA  {  !5) 


*B  *  1 


and.  for  pulses  of  equal  period, 

^avg 


*B  *  l-70*A. 


Hi 


This  equation  is  plotted  *s  curve  3  in  Fifsre  3  asd  it  is  the  approximate 
tolerance  curve  for  the  pulse  of  Figure  43, 

The  helmet  compression  distance  ||g)  can  now  be  computed  giving 

*B  *  "  '"Vs  <S> 

Since  tg  is  the  above  equation  is  the  maximum  deflection  during  com* 
pressiem,  it  is  more  meaningful  to  express  equation  5  in  terms  of  initial 
helmet  thickness  Z.  Let  the  strain  at  maximum  compression  be  t,  then 
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And  Z 


*B  ‘*ZB  2 

*  0  17?  _ 


» 


Equation  {6)  is  plotted  in  the  upper  portion  of  Figure  3  for  three  values 
of  « .  The  maximum  impact  velocity  as  given  by  equation  (2)  is  plotted 
against  the  helmet  design  G  level  in  the  lower  portion  of  Figure  3. 


The  following  comments  can  be  made  from  an  examination  of  these  curves: 


1.  The  slope  of  the  ‘'thickness  versus  design  acceleration*'  curve  is 
ouch  as  to  make  the  design  acceleration  quite  sensitive  to  the 
initial  helmet  thickness.  For  example,  a  change  in  helmet  thick¬ 
ness  from  0.  5  inch  to  1. 5  inches  for  a  safety  factor  of  1.0  and 

C  a  0.  75  would  imply  a  change  in  the  design  acceleration  from 
160G  to  115G. 

2.  To  provide  protection  at  the  largest  possible  impact  velocity,  a 
large  helmet  thickness  in  the  region  of  the  impact  is  required. 

The  design  acceleration  level,  however,  should  be  lower  this*  that 
for  the  thinner  helmets. 

3.  Complete  protection  against  brain  damage  at  very  high  head  impact 
velocities  can  probably  never  be  achieved  in  a  helmet  of  reasonable 
thickness  >2  inches  or  less).  This  fact  suggests  that,  if  maximum 
protection  against  head  injuries  is  to  be  accomplished,  very  care¬ 
ful  consideration  must  be  given  to  the  materials  used  in  the  helmet 
and  to  the  details  of  its  design  and  construction.  It  is  recognised 
that  larger  velocity  changes  can  be  permitted  for  impacts  against 

a  yielding  surface  rather  than  a  rigid  surface. 

It  should  be  noted  that  the  relation  between  initial  helmet  thickness  and 
the  design  G  level  as  given  in  Figure  3 A  provides  for  no  factor  ox  safety 
based  upon  concussion  (unconsciousness);  that  is.  with  these  design 
levels,  unconsciousness  subsequent  to  the  impact  is  probable.  Design 
acceleration  levels  which  could  result  in  unconsciousness  may  be 
satisfactory  for  some  helmet  users,  such  as  racing  car  drivers,  in 
which  other  personnel  are  immediately  available  to  extricate  the  occupant 
in  case  of  postcrash  fire  or  other  haaards.  For  aircraft  occupants,  how¬ 
ever,  ultimate  survival  often  depends  upon  the  ability  of  the  individual  to 
evacuate  the  aircraft  rapidly  and  without  aid.  Thus,  helmet  design  G 
levels  which  may  result  in  unconsciousness  appear  to  be  undesirable. 
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Figure  $  Maximum  Impact  Velocity  and  Helmet  Thickness 
as  a  Function  of  Helmet  Design  Acceleration. 
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What  safety  factor  should  then  re  Applied  ~  An  accurate  answer  depends 
upon  several  factors  which  car.  be  obtained  only  from  a  statistical  study 
oJ  (it  the  exact  nature  of  the  head  injury  threat  for  each  type  of  aircraft 
with  emphasis  on  the  probable  impact  surfaces  and  relative  velocities  to 
be  encountered.  ( 2 )  the  variation  in  tolerance  of  the  individual,  and  (54 
the  true  importance  of  unconsciousness  as  related  to  evacuation  and 
ultimate  survival  Such  a  study  is  beyond  the  scope  of  this  report. 

In  the  absence  of  further  information,  it  was  assumed  during  the  con¬ 
struction  of  the  experimental  helmet  described  in  the  section  on  test 
results  that  a  safety  factor  of  1  Zh*  (based  upon  the  tolerance  curve  of 
F  igure  3)  would  be  satisfactory  for  aircrewmer.  helmets.  The  experi¬ 
mental  model  was  designed  to  achieve  the  design  acceleration  of  C.  80 
times  the  concussion  limit  when  impacting  a  90-degree-corner  surface. 
This  permits  impact  on  a  flat  surface  without  exceeding  the  concussion 
limit,  since  the  ratio  of  the  accelerations  for  a  flat  surface  and  a  corner 
is  approximately  i.  25  for  helmets  of  the  type  of  construction  used  for 
the  experimental  article. 

The  B  curves  of  Figure  5  show  the  effect  of  introducing  the  1. 25  safety 
factor.  A  1-inch-thick  helmet  (assuming  g  *  0.75)  can  provide  the 
desired  protec'ion  up  to  an  impact  velocity  of  14.  5  feet  per  second  com¬ 
pared  to  the  original  value  of  i7.Q  feet  per  second.  For  2  inches  of 
initial  helmet  thickness  the  corresponding  impact  velocities  are  19.  5 
feet  per  second  and  22.  1  feet  per  second.  The  helmet  with  the  1.25 
safety  factor  would  permit  some  overshoot  of  the  maximum  strain  of 
c  *  0.  ?5  before  concussion  begins  for  those  cases  in  which  the  impact 
velocity  is  in  excess  of  the  theoretical  design  value.  This  would  help 
to  narrow  the  impact  velocity  advantage  of  the  1.00  safety  factor  helmet. 
Protection  o'  the  head  at  much  larger  velocity  changes  appears  to  be  much 
more  easily  accomplished  by  protection  of  the  entire  body,  that  is,  an 
adequate  body  restraint  system  which  allows  the  entire  torso  to  decelerate 
by  the  medium  of  crushing  aircraft  structure.  The  Army  is  currently 
considering  the  strengthening  of  aircraft  personnel  restraint  systems 
up  to  the  limits  of  whole-body  acceleration*.  Thus,  the  occupant 
should  be  retained  in  place  in  future  accidents  rather  than  being  ejected 
from  *be  aircraft  or  into  surrounding  structure,  as  has  occurred  fre¬ 
quently  in  the  past.  Less  head  protection  should  be  needed  with  the 
improved  restraint  systems. 


•  Reduction  of  the  Design  acceleration  level  by  a  factor  of  1/1. 25  *  0.  80. 


Best  Av 
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The  experimental  helmet  described  in  this  report  contains  a  1. 25-in rh- 
average  thickness  in  the  frontal  portion.  Figure  5  shows  the  design 
acceleration  level  to  be  93C  for  a  1. 25  safety  factor  or  120G  for  a  safety 
factor  of  1 . 00. 

The  reader  must  be  cogai sant  of  the  assumptions  made  in  the  foregoing 
analyses  when  accepting  or  quoting  specific  numerical  value#  obtained. 
Modifications  to  the  assumptions,  particularly  with  respect  to  non- 
injurious  acceleration  limits,  and  with  respect  to  pulse  shape  and  its 
effect  upon  tolerance  level,  will  modify  the  final  values  to  some  extent. 
The  general  conclusions,  however,  will  probably  remain  unchanged. 


IMPACT  SURFACES 

In  order  to  determine  the  type  of  impact  surfaces  which  can  be  expected 
in  the  cockpits  of  Army  aircraft,  an  examination  of  eight  different  air¬ 
craft  was  conducted  and  the  results  of  this  study  are  included  in  Appendix 
ID.  The  results  are  summarised  below  for  reader  convenience. 

Three  basic  impact  shapes  were  revealed:  (1)  flat  surface.  (2)  90-degree- 
corner  surface,  and  (3)  a  "box-corner”  surface.  The  flat  surface  wna 
noted  in  various  areas  of  the  cockpit,  such  as  the  instrument  panel, 
windows,  and  bulkheads.  This  surface  will  give  the  highest  acceleration 
level  to  the  head,  since  a  larger  area  of  energy-absorbing  material  is 
crushed  upon  contact,  thereby  producing  a  larger  stopping  force.  Since 
nearly  half  of  the  head  impacts  occur  on  die  instrument  panel  and  wind¬ 
shield  in  O.  S.  Army  aircraft  accidents,  as  revealed  in  the  Appendix  G 
study,  the  flat  impact  should  be  considered  carefully  in  fixing  design 
acceleration  values. 

The  corner  surface  was  seen  in  various  areas  of  the  cockpit,  such  a* 
overhead  wing  beams,  vertical  support  columns,  window  frames  and 
door  frames.  The  radii  of  these  surfaces  varied  from  0625  inch  to 
0. 25  iata;  however,  the  thickness  of  the  aluminum  was  generally  leas 
than  0. 10  inch.  Since  these  thin  structures  are  expected  to  yield  some¬ 
what  upon  impact,  a  rigid  radius  of  0. 25  inch  appears  to  be  reasonable, 
and  this  value  was  selected  for  the  testing  of  helmet  specimens  in  the 
experimental  phase  of  tide  study.  The  imprint  la  a  Navy  flyer**  helmet 
from  a  corner  surface  in  aa  accident  can  he  seen  in  Figure  6;  it  illus¬ 
trates  a  typical  comer  Impact. 


Fipir*  6.  Imprint  in  t  Flftt'l  Htlirwt  from  a  Corner  Surface. 


Tk  boi-ccw?  torfecc  «a«  noted  primarily  in  htUcqpter  csatdki  in 
which  the  sarficai  contained  a  radius  of  about  0. 06  inch  in  one  plane 
and  about  0.  38  inch  in  the  other  plane.  It  was  decided  to  simulate  this 
surface  with  a  9®-d*g ree  cone  for  simplicity  of  drop  weight  construction 
A  radios  of  0. 06  inch  on  the  apex  of  the  cone  was  selected  to  allow  a 
check  of  the  puncture  resistance  of  the  helmet  to  broken  or  r*harp  struc¬ 
tures.  such  as  control  columns,  control  wheels,  knobs,  bolts,  etc. 

Thus,  the  cone  test  simulates  impact  with  sharp-cornered  objects,  a* 
well  as  broken  or  jagged  structure. 


IMPACT  SITES  ON  THE  HEAD 


Data  on  bead  injury  sites  bare  bees  listed  previously  for  civilians  who 
were  involved  in  Hgbtplane  crashes  for  tht  years  through  1951 
(see  reference!).  More  recent  data  have  been  collected  in  this  report 
and  are  included  in  Appendix  Q.  This  study  included  €96  cases  of 
civilian.  Army.  Navy,  aad  Air  Force  head  injuries  which  have  occurred 
in  light  aircraft  (up  to  29, 06$  pounds)  from  1952  through  1963.  The 
results  indicate  Oat  the  majority  of  the  injuries  are  occurring  in  the 
fra— el  area  of  the  head  aad  that  a  much  lower  percentage  are  occurring 
in  the  occipital  (aft)  area.  Although  a  large  percentage  of  impact  sites 
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can  be  noted  in  the  facial  area,  these  blows  are  lets  Likely  to  be  fatal 
because  it  is  shown  that  only  12  percent  os'  the  head  injury  fatalities  result 
from  impacts  in  the  facial  area.  Injuries  of  the  facial  area  should  ob¬ 
viously  be  prevented,  if  possible;  however,  coverage  o *  this  area  with  a 
shield  for  the  purport  of  crash  protection  alone  does  not  appear  to  be 
practical  until  a  cooling  system  is  developed  which  will  alleviate  the 
perspiration  problem.  The  use  of  a  nose  and  mouth  guard,  similar 
to  that  used  on  football  helmets,  may  be  practical,  especially  since 
the  guard  could  also  serve  as  a  support  for  a  mi£ rophone.  The  use 
of  an  open  frame  type  face  guard  should  be  given  further  consider¬ 
ation. 

In  view  of  the  small  number  of  impact  sites  which  occur  in  the  temporal 
area  below  the  tragus  (ear  canal)  location,  it  appears  reasonable  to  pro¬ 
vide  protection  to  the  head  only  above  this  point.  The  elimination  of 
protection  below  this  point  will  accomplish  tb;  <.'■  lowing:  (I?  reduce 
helmet  weight.  (2)  improve  the  ventilation  of  ue  helmet,  and  (3)  ease 
the  placement  and  removal  of  the  helmet. 

On  tiie  basis  of  the  head  injury  study  in  Appendix  11.  the  following  head 
corerage  is  recommended  for  tl,  S.  Army  air  crewmen: 

1.  F  rental  -  Energy -absorbing  User  should  extend  downward  to  a 
distance  of  0.56  inch  above  eyelash  level. 

2.  Aft  (occipital?  -  Energy -absorbing  liner  should  extend  downward 
to  the  base  of  the  occipital  bone. 

3.  Lateral  -  Energy-absorbing  liner  should  extend  downward  at  least 
to  the  tragus  point  or  possibly  to  one  inch  beivrr  this  point. 

Since  the  majority  of  head  injuries  are  occurring  in  the  frontal  area,  and 
since  these  injuries  are  also  expected  to  be  the  most  severe  in  view  of 
the  expected  torso  kinematics  In  aircraft  accidents,  it  appears  reason¬ 
able  to  taper  the  thickness  of  energy-absorbing  material  from  the  front 
to  the  back  of  the  helmet.  In  the  absence  of  data  on  the  relative  severity 
of  impacts  to  the  various  regions  of  the  head,  it  la  suggests?  tkat  the 
helmet  thickness  be  about  one-half  of  the  frontal  thickness  in  the  crown 
and  temporal  areas  and  about  one-third  of  the  frontal  thickness  in  the 
occipital  area.  The  tapering  of  the  helmet  thickness  from  front  to 
rear  lowers  the  helmet  center  of  gravity  and  overall  weight. 


The  probability  of  receiving  repetitive  impact*  in  a  given  area  of  the 
helmet  in  most  aircraft  accidents  appears  to  be  remote.  A  review  of 
the  nature  of  aircraft  accidents  indicates  that  single  roil  -overs  occur 
frequently,  but,  that  multiple  rdl-cvers  and  cartwheels  occur  inf  re* 
quently.  A  study  of  the  civilian  aircraft  accidents  in  Appendix  II  indi- 
cated  that  only  4  percent  resulted  in  cartwheel  action.  Fixed-wing 
aircraft  are  generally  confined  to  single  roll-over s  because  of  their 
geometry,  that  is.  the  fixed-wing  aircraft  has  a  loop  wing  and  a  long 
fuselage  in  comparison  with  its  low  height;  therefore ?  once  the  impact 
occurs,  the  aircraft  tends  to  skid  on  its  belly,  or  flip  and  skid  on  its 
back.  With  helicopter*,  the  aircraft  is  more  prone  ic  roll  laterally; 
however,  the  rotor  blades  tend  to  prevent  a  large  number  of  roll-overs. 
Only  3  roii-overs  are  recorded  for  the  3?  Army  helicopter  accidents 
reviewed  in  the  Appendix  II  study.  Thus,  the  dynamics  of  aircraft  in 
accidents  suggest  only  tingle  head  impacts  in  a  given  area. 

In  some  severe  aircraft  crashes,  the  restraint  system  fails  and  the 
crewmen  are  thrown  through  or  out  of  the  aircraft  structure;  but  even 
in  these  cases  the  helmet  is  usually  damaged  more  from  contact  with 
aircraft  structure  than  from  contact  with  the  ground,  trees,  or  rocks. 
The  maximum  energy  appears  to  be  absorbed  in  the  initial  contact  with 
the  aircraft  structure,  and  the  subsequent  strikes  occur  at  lower  impact 
velocities  except  in  rare  cases. 

On  the  basis  of  the  above  discussion,  it  docs  cot  seem  necessary  to 
provide  protection  again*  t  multiple  impacts  to  tk*  head  is  the  same 
-rea  for  aircrewmea. 
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DESIGN  CONCEPTS  AND  MATERIALS 


There  Are  two  primary  structural  configurations  for  bred  protective 
device*.  Dee  type  of  construction  coniUta  of  a  rigid  outer  ctei!  with 
ft  lotwknsity,  energy-absorbing  materiel  pieced  between  the  shell 
mad  the  heed.  A  second  method  couiita  of  e  double  shell  with  e  low 
density,  energy-absorbing  materiel  located  between  e  ductile  outer 
shell,  sad  rigid  inner  shell.  These  concepts  ere  illustrated  in  Figure  7. 
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Figure  7.  Comparison  of  Impact  Deformation  Between  Single  - 
and  Double -Shell  Concepts. 

Regardless  of  construction  methods,  the  helmet  designs  should  incor¬ 
porate  materials  which  contribute  to  minimum  rebound  velocity,  be¬ 
cause  it  has  been  shown  previously  that  head  acceleration  limits  arc 
a  function  of  the  impulse  time,  and  rebound  energy  adds  to  the  total 
pulse  time.  Thu*,  rebound  energy  should  be  kept  as  lew  as  possible. 


SINGLE-SHELL  CONCEPT 


When  a  rigid  outer  shell  is  used,  a  large  area  of  energy-absorbing 
material  is  compressed  as  the  head  moves  toward  the  shell,  as  shows 
in  Figure  7.  The  shell  must  be  thick  in  order  tcTresist  penetration 
and  to  maintain  its  contour  with  minimum  deformation.  A  truly  rigid 
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single-shell  helmet  appear*  to  offer  the  following  advent age*: 

1.  It  resist*  repeated  strikes  in  the  same  location,  since  the  outer 
shell  does  sot  deform  after  the  first  impact.  This  advantage  for 
resisting  repetitive  blows  requires  an  energy-absorbing  material 
which,  when  compressed,  returns  to  its  original  thickness  at  a 
sufficiently  low  rate  to  partially  eliminate  elastic  rebound  of  the 
bead  subsequent  to  the  impact.  Such  a  material  is  referred  to  as 
a  *  low -rebound  material.  (This  capability  is  not  considered 
necessary  for  the  one -impact  air  crewman's  helmet. } 

2.  It  offers  minim  jm  resistance  to  rotation  due  to  snagging  on  sharp 
surfaces  (Thi «  advantage  has  generally  been  negated  by  Sh e 
attachment  of  a  sun  visor  and  other  exterior  protuberances  on  the 
AFH-5  helmet. ) 

The  foilo^icg  disadvantages  for  the  single  shell  can  be  stated: 

1 .  More  shell  weight  Is  required  to  achieve  uniform  pressure  dis¬ 
tribution  on  the  skull  than  is  required  for  a  double -shell  helmet. 
(This  point  is  illustrated  by  a  comparison  of  the  test  results  on 
hemispherical  specimen  number  1?  with  the  other  specimens  in 
Table  3. )  Specimen  17  was  the  only  specimen  which  resulted  in  a 
depression  greater  than  0. 04  inch  for  *e  standard,  4-foot  drop 
teat  with  a  90 -degree-corner  impactor. 

2.  A  hard,  rigid  outer  shell  creates  a  higher  moment  of  inertia  for 
the  helmet  than  for  a  double -shell  helmet  of  equal  crash  protection. 
This  can  increase  wearer  fatigue  due  to  the  torsional  force  re¬ 
quired  to  rotate  the  helmet  during  normal  operation. 

3.  The  single  shell  offers  lets  resistance  to  crushing  loads  which 
are  applied  from  both  sides  of  the  helmet  simultaneously. 

Helmet  construction  up  to  the  present  has  been  along  the  lines  of  the 
rigid  outer  shell  concept.  As  a  result,  the  shell  baa  become  rather 
thick  and  heavy  in  order  to  provide  sufficient  stiffness  to  prevent  con¬ 
centrated  pressure  on  the  skull  at  the  point  of  impact. 


DOUBLE -SHE  IX  CONCEPT 

The  use  of  a  double  shell  will  achieve  good  load  distribution  (sufficient 
stiffness)  at  a  lower  weight  than  with  the  single  shell.  As  already  stated, 
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tk«  in js*r  shell  of  a  double -the  11  helmet  serves  as  a  pressure  distributor 
during  the  planned  deforms  tide  of  the  cuter  shell  sod  the  crashing  of  the 
energy -absorbing  liner.  An  outer  shell  to  serve  ss  s  losd  spreader* 
when  strode  by  sharp  objects  is  necessary;  however,  this  outer  shell 
must  be  thin  enough  to  prevent  excessive  acceleration  levels  when  im¬ 
pacted  by  fist  surfaces.  The  hater  shell  can  serve  as  the  attachment 
platform  for  the  retention  harness,  thus  placing  the  harness  close  to  the 
surface  of  the  head.  This  will  improve  retention  of  the  helmet  in  severe 
impacts. 

A  helmet  incorporating  the  above  concepts  in  its  design  should  yield  the 
following  advantages: 

1.  The  lowest  weight  with  adequate  load  distribution. 

2.  The  lowest  rebound  velocity  for  a  given  helmet  weight,  because 
the  outer  shell  Is  thinner  and  stores  less  energy  than  a  thicker 
single  shell  concept. 

3.  The  lowest  moment  of  inertia  due  to  the  thicker  shell  being  nearer 
the  head. 

4.  A  more  efficient  retention  system  due  to  its  attachment  to  the 
inner  shell  close  to  the  head. 

5.  Increased  resistance  to  crushing  loads  applied  across  the  helmet. 
The  disadvantages  for  the  double-shell  concept  appear  to  be: 

1.  The  thin  outer  shell  will  snag  more  easily  when  struck  by  sharp 
components  than  would  a  bard,  rigid  outer  shell. 

2.  The  double-shell  helmet  will  probably  be  more  expensive  to 
manufacture  than  the  single-shell  helmet  because  it  is  more 
complex. 

The  advantages  of  the  double-shell  helmet  seem  to  outweigh  its  dis¬ 
advantages  for  helmets  to  be  used  by  aircrewmen.  The  low  weight  of 
the  double  shell  is  believed  to  be  far  more  important  than  the  greater 
snagging  potential  of  the  thin  outer  shell,  since  the  probability  of  impact 
on  sharp  components  in  the  cockpits  of  new  V.  S.  Army  aircraft  should 


*Sc&ae  energy  is  also  absorbed  in  deforming  the  ductile  outer  shell. 
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be  very  low.  Thu*,  thi*  study  has  been  devoted  to  developing  the  double  - 
•hell  concept,  with  particular  emphasis  on  selecting  a  combination  of 
materials  to  give  good  overall  protection. 

Materials  for  a  single-shell  helmet  would  require  different  characteris¬ 
tics  than  for  the  double-shell  device.  Specific  requirements  of  the  single- 
shell  concept  are  not  evaluated  in  this  report;  however,  the  design  should 
logically  follow  these  general  guidelines:  (1)  toe  outer  shell  should  be 
relatively  thick  and  rigid  in  order  to  uniformly  distribute  the  impact  force 
over  a  large  area,  and  (-)  the  compressive  strength  of  the  liner  material 
should  be  lower  than  for  a  double-shell  helmet  since  a  larger  area  of 
material  is  compressed. 

The  energy-abcorpeion  capacity  and  penetration  resistance  of  a  double  - 
shell  helmet  are  governed  by  the  selection  of  four  different  components 
as  listed:  (l\  inner  energy-absorbing  liner,  (2)  inner  shell,  (3)  outer 
energy-absorbing  liner,  and  141  outer  shell.  The  requirements  for 
each  of  the  above  components  are  discussed  separately. 


INNER  LINER  MATERIAL 


The  inner  liner  should  he  a  slow-rebound  material,  since  its  purpose 
is  the  absorption  of  low-energy  impacts  vrhich  may  occur  in  hard  land* 
logs,  severe  turbulence  or  other  impacts  of  a  repetitive  nature.  These 
repetitive  impacts  must  be  absorbed  by  a  material  which  produces 
tolerable  head  accelerations.  Lombard  has  shown  that  bead  accelerations 
of  fc&G  to  38G  a  impacts  at  4. 6  to  4^5  feet  per  second  result  in  frequent 
local  bruising,  pain,  and  headache.  Thus,  it  appears  that  the  inner 
liner  material  should  not  create  an  acceleration  of  more  than  20G  if 
the  voiassary  tolerable  limits,  as  set  by  Lombard,  are  not  exceeded.  The 
area  of  contact  between  the  frontal  head  and  the  semiresilient  liner  is 
approximately  14  square  inches  for  a  1/S-incb  deformation  into  a 
collapsible  material. 

Since  the  inner  liner  material  is  not  compressed  equally  over  the  con¬ 
tact  area,  the  compressive  stress-strain  curves  must  be  examined  to 
determine  to  average  compressive  stress,  because  the  average  value 
will  vary  in  accordance  with  the  shape  of  the  stress-strain  curve.  For 
example,  a  material  with  a  rectangular  (Sat)  curve  would  net  need  a 
correction  sine*  its  average  stress,  regardless  of  deformation, is  equal 
so  its  maximum  stress.  On  the  basis  of  a  1  ^-square-inch  area  in  the 
frontal  region,  an  average  compressive  stress  of  14  psi  should  yield 
the  desired  200  deceleration. 
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The  curve*  of  s*vtr*l  commercially  available,  slow- 

rebound  foam*  arc  »botrs  in  Figure  8.  Of  the  materials  shown,  the 
type  AH  SasoUie  (Polyvinyl  chloride  -  PVC  foam,  U.  5.  Rubber  Co. > 
is  the  most  desirable  in  view  of  the  fact  that  it  will  result  is  a  20G 
acceleration  at  a  maximum  deformation  of  1/8  inch  an  the  frontal  head 
area.  The  H«iM  Koroeeal  (PVC  foam,  8.  F.  Goodrich)  exhibits  a 
flatter  load  •deformation  curve  than  the  Hnsclite;  however,  lie  crushing 
stress  is  higher  than  desired.  The  EneoUte  material  was  selected  for 
all  the  hemispherical  specimen  tests  because  of  its  desirable  cero~ 
preserve  stress  level. 

The  thicha ess  of  the  inner  liner  must  be  based  upon  (1)  the  expected 
impact  velocities  in  normal  usage  (none rash;  and  (Z\  the  thickness  of 
outer  liner  material  which  must  absorb  the-  major  (crash)  velocity 
changes;  that  is,  if  Only  i  /  4  mes  of  energy  •absorbing  space  is  available 
between  Use  head  a nd  the  helmet,  it  should  obviously  be  filled  with  a 
material  which  crushes  as  an  acc^i^rati on  level  nearer  the  tolerance 
values  1 10$  to  ilSG)  given  by  Figure  5  than  at  a  level  of  20G.  If  the 
total  thickness  of  crushable  material  is  one  inch  or  above  in  the  critical 
frontal  areas  of  tar  bead,  Sfesa  it  seems  seasonable  to  use  20  to  25  percent 
of  ibis  thicker**  for  the  inner  liner.  Thus,  a  thickness  of  1  / 4  inch  was 
used  for  the  hemispherical  test  specimens  and  the  experimental  helmets. 
The  1 /4-inch  iese?  User  will  easily  absorb  a  minor  impact  of  about  4-* 
fsit^i^Hcoad^eiocity  change. 


The  H-S34  material  in  a  1  /4-incfe  thickness  was  used  in  the  experimental 
helmets;  however,  Shis  material  is  not  recommended  unless  its  c«n- 
pressiv*  stress  level  can  be  reduced  to  thr  same  range  as  that  of  the 
£t Jsftfosm  and  Eas^it*  shown  in  Figure  8. 


INNER  SHELSU 

The  primary  sSrachir a>.  property  of  the  lesser  shell  should  be  good  flx'^x-  ral 
rigidity  combined  with  minimum  weight.  An  exansb&tice  #£  She  mechanlca* 
properties*  of  reinforced  plastics  and  beat  treated  metals  iterated  that 
fibrr  gltst  beaded  arirh  a^oxy  would  offer  the  maximum  tensile  strength 
per  unit  weight.  A  beat  treated,  T1T8  aluosinum  alloy  of  Sl.SftJ  psi 
tensile  sirergtn  or  steel  o£  1^,  0$$  psi  tensile  strength  voald  be-  ais»c*t 
c^al  to  the  strength  to  weight  ratio  of  She?  glass;  however,  the  ease 
s£  Worsting  experimental  samples  dictated  the  use  of  the  fiber  glass  for 
this  study.  The  initial  test  of  hemispherical  specimens  was  conducted 
with  two  plies  of  5.  OI-iacb«*hick  fiber  glass  ft-  ounces  per  square  yard); 
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however,  this  thickness  was  changed  to  three  plies  of  the  same  mete  riel 
is  subsequent  tests  to  increase  its  rigidity.  The  experimental  helmets 
(see  Figure  15)  were  constructed  with  four  plies  ox  the  seme  materiel 
in  order  to  improve  the  resistance  to  penetration  by  sharp  objects. 


OUTER  USER  MATERIAL 

A  review  of  the  literature  repeals  three  basic  types  of  energy-absorbing 
materials:  (1)  non  resilient  honeycomb  constructed  from  thin  sheet 
material.  (2)  expanded,  semirigid  plastic  foam,  and  (3)  expanded,  non- 
rigid  slow-rebound  foams. 

The  stress-strain  curves  for  representative  samples  of  honeycomb  and 
semi-rigid  foam  materials  are  shown  in  Figure  9.  From  the  standpoint 
of  energy  absorption.  *  the  optimum  material  is  the  non  resilient  honey¬ 
comb  (as  exemplified  by  the  aluminum  flexcore  material),  since  its 
crushing  stress  is  maintained  more  nearly  uniform  during  deformation 
and  the  "usable  strain”  range  is  in  excess  of  that  for  the  foamed  plastics. 
The  polystyrene  or  the  polyurethane  foams,  however,  offer  acceptable 
•tress-strain  characteristics.  Some  experimental  plastic  foams  which 
have  been  developed  by  the  U.  S.  Army  Natick  Engineering  and  Research 
Center  indicate  excellent  stress-strain  characteristics  for  energy 
absorption'*’3;  however,  since  this  foam  (identified  as  Plastic  0103. 15) 
was  not  available  commercially,  it  was  cot  used  in  this  study. 

A  review  of  Figure  9  indicates  that  the  polystyrene  material  is  far 
superior  to  the  polyurethane  for  energy  absorption;  however,  the  reader 
must  be  aware  that  the  data  on  the  styrene  foam  was  obtained  from  a 
Sow  Chemical  Co.  sample  c f  "styrafoam”,  while  the  urethane  foam  was 
obtained  from  a  local  plastics  company  because  urethane  samples  in  the 
correct  density  could  not  be  obtained,  A  1 . 9-pound s-pe  r-cubac-foot 
density  sample  of  T harass  (polyurethane  foam),  Dow  Chemical  Co.,  was 
obtained  and  tested  and  it  yielded  a  flatter  stress-strain  curve  than 
either  the  styrene  or  the  urethane  foam  shows,  feat  its  average  com¬ 
pressive  stress  was  too  low  for  this  application.  Thus,  polyurethane 
should  he  equivalent  to  the  polystyrene  as  an  energy  absorber  when  it 
is  mixed  in  a  higher  density.  The  polyurethane  foam  was  used  for  the 
tests  described  herein  because  local  plastic  shops  were  more  familiar 
with  its  foaming  characteristics.  The  inefficiency  of  the  urethane  foam 

*"TSe  energy1  absorption  for  a  taxis  volume  of  a  material  is  equal  to  the 
area  under  the  stress-strain  curve. 
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in  comparison  with  the  ttyreoc  foam  indicates  that  the  stress  •strain 
properties  cf  plastic  foams  are  markedly  affected  by  manufacturing 
techniques;  this  statement  is  substantiated  by  the  foam  studies  con¬ 
ducted  in  reference  24. 

The  compressive  stress  (•)  of  the  outer  liner  required  to  insure  that 
head  accelerations  do  not  exceed  "C!;  gravity  units  is  given  approximately 
by  the  equation 

WG  *  K2F# 

•  *  Vq~A 

•  *  maximum  stress  in  the  crushed  area 
where  W  *  weight  of  the  head  and  helmet  combination 

F#  *  force  required  to  compress  the  outer  shell  alone 

K,  *  a  constant  equal  to  the  ratio  oi  «  to  # 
i  avg  max 

Kj  *  a  constant  dependent  upon  the  interaction  between  the  energy 
absorber  and  the  outer  shell 

A  *  area  of  foam  compressed . 

The  constants  and  depend  upon  the  shape  and  amount  of  the  in¬ 
dentation  of  the  outer  shell,  thus  upon  the  shape  of  the  impact  surface 
and  tike  impact  velocity.  The  constant  K_  accounts  for  the  increase 
in  load-carrying  capacity  of  the  outer  shell  when  tested  alone,  as 
compared  with  its  load-carrying  capacity  when  stiffened  in  the  areas 
adjacent  to  the  impact  by  the  energy-absorbing  material.  The  constants 
Kj  and  K_  were  not  evaluated  in  this  study.  It  may  be  more  practical 
to  select  the  desired  outer  shell  and  to  then  establish#  during  the 
development,  of  a  prototype  head  protective  device  by  actual  experiments. 
A  sample  calculation  is  shown  to  illustrate  the  equation; 


0.4 
i.  5 

400  pounds 


Assume 

*1  * 

Kz  * 

F.  * 


)C 


-espspmp 


W  *  1 3,  5  pounds 
G  *  HOC 

A  *  ifc  square  inches  (estimate  for  front  impact  -  flat  surface). 
Then 

IUX  HO  -  1.5  X  400 

•m«< - ran; - 


or 


max 


140  psi. 


This  should  he  the  stress  at  the  maximum  design  strain  of  50  to  80 
percent  depending  upon  the  type  of  material.  The  representative  stress, 
•train  curves  shows  previously  in  Figure  9  indicate  crushing  stresses  in 
this  vicinity  at  50  to  »G  percent  strain  values. 


A  honeycomb  material  can  be  expected  to  yield  consistent  stress-strain 
data,  whereas  the  plastic  foams  appear  to  yield  very  irregular  data 
unless  strict  mixing  procedures  are  followed  in  their  manufacture. 
Precise  control  of  foam  density  may  not  be  easily  attained  as  evidenced 
by  the  fact  that  the  density  of  the  foam  in  three  production  APK-5  helmets 
was  4.  6  pounds  per  cubic  foot  rather  than  3. 0  pounds  per  cubic  foot 
as  specified  by  the  U.  S.  Navy  Aircrew  Equipment  Laboratory  Control 
Drawing  6??.  Since  it  is  shown  in  reference  24  that  the  compressive 
strength  of  plastic  foams  varies  with  the  square  of  the  density,  high 
densities  can  result  in  acceleration  levels  far  above  the  desirable  design 
range  (reference  Table  2,  Supplement  S.  specimens  21  and  23).  The 
density  of  plastic  foams  is  tints  extremely  important  in  the  control  of 
head  accelerations,  and  strict  quality  control  to  insure  uniform  density 
in  production  foams  is  a  necessity.  Even  though  the  densities  of  foams 
are  identical,  their  stress -strain  properties  may  vary  widely  as  can 
be  seen  in  Figure  9  by  She  comparison  of  styrene  tad  urethane  foams 
of  equal  density  with  very  unequal  stress -strain  properties. 


OUTER  SHELL 


The  outer  shell  should  be  a  thin,  ductile  material  to  allow  deformation 
of  the  impacting  object  into  the  outer  User;  however,  the  shell  must 
not  be  so  thin  that  inadequate  protection  is  offered  against  penetration. 
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A  number  oi  material*  were  considered  for  the  outer  shell  and  some  c: 
the  more  promising  are  listed  in  Table  1.  This  tabic  includes  the 
physical  properties  which  appear  to  be  pertinent  for  use  in  the  develop* 
ment  of  a  double-shell  concept. 

TABLE  ’ 

PHYSICAL  PROPERTIES  -  OUTER  SHELL  MATERLALS 


M 

*"  t 


Tensile 

Modulus  of 

Elonga-  Notch 

Weight 

Strength 

Elasticity 

tion  Toughness  {lb/in*> 

(psixlQ3) 

(psixl0“l 

(pet)  (ft/lb) 

V 

1 . 

Aluminum 

24 

10..6 

12 

C.  100 

(2024-0! 

2. 

Magnesium 

(A2-31B-0J 

32 

6.5 

12-19  C harpy  5.0* 

0.064 

4 

3. 

Magnesium- 

21 

6.5 

30 

0.049 

1 

lithiumCLA-141) 

4. 

Steel  (300-M) 

289 

29.4 

10  C harpy  22, 0 

0.287 

< 

5. 

Fiber  glass- 

40-85 

3. 0-4. 6 

I2DD-I2-18 

9.060 

-*■ 

epoxy 

b. 

Nylon  cloth- 

40-120 

0.18-0.19 

-  KZOB-3-4 

0.040 

epoxy 

: 

7. 

ABS  Sheet 
(High  Impact) 

8-9 

0.3?  0.40 

20-50  IZOD-3-6 

0.03? 

8. 

Polycarbonate 

9-iO 

0.  55 

75  IZOD-14.0 

0.G43 

Q 
*  * 

Polypropylene 

4 

0. 12-0. 18 

-  IZOD-1-3 

0,033 

i 

*  F  condition  instead  of  0  condition. 

5 

-  ■  -  -  .  1 


All  of  the  materials  in  Table  1  were  used  in  the  hemispherical  test 
shapes  with  the  exception  of  steel,  polypropylene,  and  the  magnesiam- 
Uthium  material.  Steel  was  not  used  because  of  the  fact  that  its  weight 
is  nearly  three  times  that  of  aluminum  and  more  than  four  times  that 
of  magnesium;  therefore,  for  equivalent  weight,  the  steel  shell  would 
be  only  one -fourth  to  one -third  the  thickness  of  magsesium  or  aluminum. 

It  appears  that  a  very  thin  steel  shell  would  be  a  poor  load  distributor 
and  penetration  resistor.  The  polypropylene  plastic  was  eliminated  in 
view  of  the  fact  that  its  properties  did  not  appear  as  good  as  polycarbonate 
for  the  intended  use.  The  magnesium-lithium  material  was  eliminated 
because  o*  its  excessive  cost  ($25  per  pound  in  quantify! - 
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IMPACT  TESTING  OF  HEMISPHERIC AL  SPECIMENS 


A  helmet  should  provide  protection  when  Impacted  upon  either  :iat, 
cornered,  or  sharp,  jagged  surfaces  as  noted  previously  therefore, 
impact  testa  were  conducted  on  21  hemispherical  specimens  for  the 
purpose  of  determining  the  best  material  combinations  for  use  in  re¬ 
sisting  all  three  surface  Types.  The  primary  objective  of  the  impact 
testing  was  the  selection  of  suitable  materials  for  use  in  double -shell 
helmets;  however,  one  single-shell  specimen  was  tested  as  a  basis  of 
comparison  with  the  double -shell  specimens. 


DESCRIPTION  OF  TEST  SPECIMENS 

An  accurate  evaluation  of  helmet  materials  requires  that  the  specimens 
have  the  approximate  contour  of  a  helmet  shell  since  flat  specimens  do 
not  reveal  the  true  interaction  between  she  shell  and  energy -absorbing 
liner  or  the  effects  of  curvature  of  the  helmet  and  impacting  surface. 

The  contours  of  the  front  and  back  portions  of  the  head  have  approxi¬ 
mately  a  5-inch  radius;  thus,  a  hemispherical  shell  with  a  6- inch,  inside 
diameter  was  used  as  shown  in  Figure  10.  A  total  thickness  of  1  inch 
of  protective  material  was  used  in  all  specimens.  This  thickness  in¬ 
cludes  the  outer  shelly  the  energy-absorbing  cuter  liner,  the  inner  shell, 
and  the  inner  liner.  The  material  combinations  used  in  the  27  specimens 
are  itemised  in  Table  1,  Supplement  II;  however,  additional  details  on 
the  chemical  composition  of  the  plastic  shells  and  energy-absorbing 
liners  are  discussed  below. 


Outer  Shell 


Nylon  doth  -  24  x  23  cross  weave,  b  ounces  per  square  yard,  manu¬ 
factured  by  Burlington  Industries  (this  cloth  was  used  in  all  the  nylon 
shell  specimens! . 

Fiber  glass  cloth  -  IS  x  18  cross  weave,  6  ounces  per  square  yard, 
manufactured  by  Goldsmith  Company  (this  cloth  was  used  in  all  the 
fiber  glass  shell  specimens). 

The  nylon  and  fiber  glass  cloths  were  bonded  with  epoxy  resin  as  follows- 

75  -  85%  Epoxy  No.  5140,  Reichold  Chemicals  Co. 

12  -  25%  Hardener  (DiEtfcylene  Triamine),  Reichold  Chemicals  Co. 
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Figure  IQ.  Cross  Section  of  Hemispheric*!  Test  Specimen. 


Inr-er  Shell 


Fiber  glus  cloth  identic*!  to  th*t  used  on  the  outer  shell  was  used,  for 
*11  inner  shells  *nd  it  eras  bonded  in  the  same  manner  *s  for  the  cuter 
shell.  The  first  13  specimens  (numbers  4  through  16}  vere  constructed 
with  2  plies  of  fiber  gl*ss  cloth;  however,  the  remainder  of  the  specimens 
contained  3  plies  of  cloth  to  improve  the  resistance  to  penetration  and 
force  -distribution  capacity. 


Outer  Liner  -  (Energy^ Absorbing  Material) 

The  following  materials  were  used: 

l .  Aluminum  honeycomb  flex  core 
Z.  Polyurethane  foam 
3.  Polyvinyl  chloride  foam  (PVC) 


The  composition  and  source  of  these  materials  are  listed  below: 


Aluminum  Flcxcore  Outer  Lia ef  -  Samples  of  this  material  were 
supplied  by  the  Hexcel  Company  of  Inglewood,  California.  This  material 
has  the  unique  property  that  it  can  be  readily  formed  into  compound 
curves.  This  car.nct  be  done  with  standard  aluminum  honeycomb  The 
cell  size*  average  0.  33  inch.  Is  is  manufactured  of  5052  aluminum  in 
a  thickness  of  0.  0013  inch.  The  ftexcerc  was  bonded  to  the  inner  and 
outer  shell  with  the  same  epoxy  used  in  the  lay-up  of  the  cloth  shells. 

Polyurethane  Foam  Outer  Liner  -  Thie  material  wae  foamed  in  place 
between  die  inner  and  outer  shells  by  Western  American  Plastics,  Mesa, 
Arizona,  with  css  exception:  specimen  28  {polycarbonate  outer  shell) 
was  foamed  by  Goodyear  Aircraft  Corporation.  Litchfield  Park,  Arizona 
All  foaming  was  done  at  room  temperature  to  densities  varying  between 
3. 1  and  ?.  0  pounds  per  cubic  foot  The  following  mixture  was  =aaed  in 
all  specimens: 

65  parts  No.  8625  Reichold  Chemicals  Co. 

50  parts  No.  8605  Reichold  Chemicals  Co. 

i .  2  parts  water 

Polyvinyl  Chloride  (K-334  Slow -Re  bound  PVC)  Foam  Outer  Liner  - 
Samples  of  this  material  were  supplied  by  ihe  B.  Goodrich  do  . 
Shelton.  Connecticut  This  material  possesses  a  rather  flat  stress- 
strain  curve  for  a  slow-rebound  material  and  retains  only  a  small 
permanent  deformation  as  shewn  previously  in  Figure  $;  however,  the 
compressive  stress  is  too  low  for  consideration  as  the  material  for  the 
outer  liner  of  a  double-shell  helmet. 

ABS  Foam  Outer  liner  {Sandwiched  Royalite)  -  Samples  es  this 
material  were  supplied  by  tKa  U.  S.  Rubber  Company,  Mishawaka, 
Indiana.  The  density  of  this  foam  was  approximately  1 1  pounds  per 
cubic  foot,  which  is  more  than  twice  the  density  of  polyurethane  and 
polystyrene  foams  which  perform  satisfactorily.  The  feign  density  of 
this  material  makes  it  unattractive  for  consideration  as  a  helmet  liner 


TFST  PROCEDURE  (Hemispheric*!  Spe ciasesc) 

The  Movable  Impact  Mass  (izapaetor)  and  Fixed  Bead  Form  technique 
as  described  in  Impact  Teat  Methods  for  Helmets,  Supplement  I.  was 
used  is  the  aw  tests.  The  test  setup  is  shown  in  Figure  11.  The  steel 
hemisphere  f  simulated  head)  was  covered  with  a  0. 25-iach-thick  scalp 
of  10 -pound  density  polyurethane  foam  as  nosed  previously. 
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irtnurn  Ik,  Tie* l  fitotwp  (or  Sptfclmvvui  tthvwlnit  Olffwnm*  Impactor  Surf«c«0. 


Typical  indentation  ir.  the  scalp,  causes  W  accrue  of  the  coo*  impactor 
drops,  can  be  sees  in  Figure  12. 


Figure  12.  Scalp  Indentation  Dee  ts  impact  Tests 
With  a  90 -Degree  Cooe. 

lidtrai  -dropJ  wife  fee  ?0 -degree-corse  r  impactor  indicated  feat  fee  1» 
inch -thick  specimen#  could  absorb  fee  eserg y  uf  a  4 -foot  drop  flfe- 
£ee?-pcr-*eccnd  impact  velocity?  without  cattassg  any  permanent  deforma  - 
ties  in  fee  polyurethane  scalp;  therefore,  this  height  sea*  used  as  a  point 
o*  iep&rtur*  for  all  the  test  specimen*  absd  was  increased  is  I  -foot 
increments  until  permanent  d«fsns**is2  was  nested  in  fee  scalp.  A 
^standard"  drop  heigh?  of  >  feet  for  the  Qai  impactors  was  determined 
by  fee  ssumr  method .  The  standard  drop  height  of  2  feat  ter  fee  cone 
isseetpr  was  arbitrarily  set  at  50  percent  of  fee  corse r  inspector;  this 
test  appears  to  he  re a*G~iahls  to  insure  a  good  compromise  for  pro¬ 
tection  between  fee  extremes  ef  impact  si- r faces. 

Each  hemispherical  specimen  was  impacted  in  five  or  more  locations, 
and  fee  impact  points  were  placed  far  enough  apart  so  feat  little  effect 
from  fee  damage  caused  in  previous  drops  wsssid  be  apparent  let  sub¬ 
sequent  drops.  This  method  oi  testing  has  proven  to  be  very  economical 
since  a  large  number  of  impact  sites  can  be  selected  on  any  specimen  by 
•imply  repcsiti^feg  fee  specimen  gs  the  steel  hemisphere. 


T be  drop  weight  used  *«  designed  so  that  various  types  of  ispacton 
could  be  installed  as  shown  in  Figure  it.  Three  types  of  impact  sur¬ 
faces  were  used  as  listed:* 

1.  Flat  surface  of  4.  5-Lach  diameter 

2.  Corner  surface  of  96  degrees  with  0. 25 -inch  radius 

5.  Cone  surface  of  96  degrees  with  6.  Qfe-i^ch-radius  tip. 

The  impacts?  (drop  mass)  was  raised  to  varying  heights  aloof  jt-dde 
wires  and  then  released  by  a  solenoid  switch.  Syloc  bushings  were 
used  to  reduce  friction  between  the  impactor  and  the  guide  wires.  1  se 
rebound  height  of  the  inspector  was  estimated  by  visual  observance, 
and  the  recorded  heights  are  considered  to  be  correct  to  within  +  20  per¬ 
cent. 


Figure  15.  IstCnwerttlMBStba. 


*A  spherical  Inspector  was  constructed  not  used  is  the  tests  de¬ 
scribed  so  this  report. 

56 


Aa  accelerometer  v»*  mounted  rigidly  inside  the  impact©  r  u  shown  in 
figures  11  and  13.  The  specification*  for  this  accelerometer  are  listed: 


Manufacturer -Model . Stithsm  At^TC-SOG-iSO 

Design  Acceleration .  4  *0OG 

Natural  Frequency  .  .  IfSGO  cycles  per  second 

Guaranteed  Frequency  Response  ....  2500  cycles  per  second 

Weight.  ...  3  ounces 


TEST  RESULTS  -  HEMISPHERICAL  SPECIMENS 
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The  complete  results  of  the  impact  teats  on  the  Z7  hemispherical  speci¬ 
mens  are  recorded  in  tabular  and  graphical  form  in  Supplement  IL 
TypicAI  restdts  are  presented  fn  this  section  for  four  of  the  specimens 
which  were  representative  ei  the  complete  group  and  whies  illustrate 
both  good  and  fair  performance.  The  four  specimens  were  constructed 
of  the  material  comfeisatioas  thsrm  in  Table  2.  and  are  referred  to  in  the 
following  discussion  by  the  specimen  numbers  f*5.  IT,  SI  ami  cH  as 
given  in  the  left  hand  column  of  the  fable  • 

TASU-E  Z 

HEMISPHERICAL  TEST  SPECIMEN  MATERIALS 


Orfer  E/A*  E/A* 

Shell  Osier  Material  ka»?  Baser  Total 

Spec.  $5*11  Thicks***  LSasr  Density  $Js*3  Laser  »**£-- 

Material  Cial  Material  Material  "Sorwrii*  gm 
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1 
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r~ 

\ 

I 

0.57 
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* 
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As  shewn  previously  in  Figure  iO,  the  total  ihsckses*  o?  each  specimen 
was  i .  00  inch  and  the  inner  liner  was  0.23  inch  thick.  Thus,  about 
5 /8-inch  thickness  of  energy -absorbing  material  was  used  compared 
with  afeo=3t  1  inch  of  energy -absorbing  material  in  the  frontal  area  of 
the  experimental  helmets  described  later  in  this  report. 

The  acceleration-time  traces  for  these  four  specimens  are  compared 
in  Figure  14.  This  figure  includes  the  significant  data  for  the  ?€' -degree - 
comer  surface  and  flat  surface  impacts.  The  acceleration  values  for 
the  cose  impacts  are  presented  ordy  in  Supplement  II.  because  the 
accelerations  recorded  in  the  coat  tests  are  lower  than  those  recorded 
is  the  comer  and  flat- surface  test*  for  those  case?  in  «hics  bottoming 
or  ccasphete  penetration  of  the  specimen  does  s*,ct  occur.  Thus,  with 
the  excafepcioc?  of  identifying  pezsefcraficfc,  the  shape  of  ?b*  acceleration- 
tfese  trafeic  is  lew*  important  in r  the  cosxe  tetsts. 

Xatde  3  i»  »xeae=dred  as  an  extract  ss  Supplesssaf  H  and  is  appropriately 
described  in  the  dfscss*sf???s  below  to  explain  the  additional  data  avail¬ 
able  in  the  Supplement  Th?  yaluea  in  this  table  are  based  upon 
accede ratlcci-tlme  trace*  which  £1?  the  general  shape  of  one  of  those 
Shewn  2ft  the  sketch  'MiO*. 


The  onset  rate  gives  is  Table  3  is  the  greater  of  the  rates  shews  in 
traces  A  t  3.  The  high  octet  rates  are  associated  with  the  permanent 
depressions  in  the  skull  cap.  This  table  also  includes  the  peak  accel¬ 
eration  and  the  rebound  height  cl  the  tmpactcr  for  each  drop.  The 
rebound  height  is  indicative  of  the  elastic  energy  stored  in  the  specimen 
after  impact.  The  performance  of  the  four  selected  specimens  Is  pre¬ 
sented  by  specimen  number. 
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Figure  14.  Acc«ri«r*tiac-Time  D*»  -  Specimens  15.  IT,  21.  *ad  27 


£  •  , 

■—  j» 

IP  -ic 

i  -  e 
■**  *  * 
-  ;  5 

0  §  * 

«  SP  0 

t  I  b 

«  *  _ 

jc  d  v 

Ss: 

T  « 
»  ?•> 
*»  -  * 

*  tr  3 
s  =  c 


&®  « 

c  t.j 

Mb  »  m 

C  -S  *  £ 
*  a  _  — 

M  M- 

S  ~  a.  e 

—  ©  s  C 

ft  —  ^  ^ 

x  = 
?  '  Lt 
5  ©  -  ; 


-  *  ;  i 


r  *  •  t 

i  *  *  s 

*  *r  *  ~ 

*  -  *  * 

*|  |f 

Sb«.  s’  £ 

*  s  t  ~ 

•  •  -  b 

c  §  *  c 
S  :  ; 

!*:i 
=  *  -  ’ 

ibl s  • 

«1*  s  »  « 
sE  |  60 
£M  i  S5  ?■ 

*T*  i  *  •  • 


Specimen  *5 


As  shown  in  Table  2,  this  specimen  contains  a  nylon -epoxy,  8-ply  outer 
shell  of  0. 10-inch  thickness,  an  energy  ^absorbing  polyurethane  outer 
liner  of  4. 0 -pounds -per -cubic -foot  density,  and  an  inner  shell  of  2-ply 
fiber  (lass.  The  inner  liner  was  1 /4-inch-thick  type  AH  £nsolite. 
which  material  was  used  in  all  four  specimens.  Specimen  IS  weighed 
0.  ?1  pound  as  shown  in  Table  2. 

Figure  14A  shows  that  an  acceleration  level  of  just  under  I00G  (dotted 
curve)  was  sustained  in  the  4-foot  drop  of  the  corner  impact or;  further¬ 
more,  Figure  I4B  shows  that  the  maximum  acceleration  increases  to 
160G  for  a  6-foot  drop  with  the  same  impactor.  The  change  in  slope  of 
the  curve  at  point  R  shows  that  the  energy-absorbing  material  is  be¬ 
coming  compacted  and  that  a  bottoming  tendency  is  starting  although 
bottoming  is  not  yet  extremely  severe.  Higher  velocity  drops  pro¬ 
gressively  increase  the  peak  acceleration  as  bottoming  becomes  more 
severe. 

Table  3  shews  that  specimen  15  had  good  resistance  to  a  4-foot  cone 
impact  also.  A  15CG  acceleration  level  was  reached  although  there 
was  no  evidence  of  penetration  into  the  simulated  scalp. 

The  reader  should  be  cautioned  against  concluding  from  an  observation 
of  the  acceleration-time  curves  of  Figure  14.  that  specimen  15  would 
yield  the  best  performance  in  a  While  it  did  ^Questionably 

perform  well,  its  weight  was  0.  71  pound  compared  with  specimen  21 
at  0.  64  pound  as  shows  in  Table  2.  Also,  specimen  21  had  an  energy- 
absorbing  liner  of  6. 0-poucds-per-cubic-foot  density,  which,  if  reduced, 
would  fa)  further  reduce  the  overall  sped&nes  weight  and  (b>  reduce  the 
maximum  accelerations  to  values  corresponding  to  those  recorded  for 
specimen  15.  The  rebound  energy  isee  tthwid  height  recorded  far  the 
various  drops  in  Table  3)  for  specimen  15  was  also  slightly  higher  than 
for  specimen  number  21 ,  and  the  rebsssed  height  «  specimen  21  vssM 
undoubtedly  be  lower  if  its  density  were  reduced  as  can  be  gleaned  from 
a  review  of  the  data  on  the  experimental  Sheets  in  Table  4  is  which  the 
drop  height  was  ?  feet  instead  of  4  feet  and  the  rebound  height  was 
slightly  less. 


43 


Specimen  i  1 


Specimen  i?  hid  in  S-pK*  fiber  glass  epoxy  outer  shell  and  it  was  sim¬ 
ilar  to  specimen  15  except  that  no  inner  shell  was  used.  The  accelera¬ 
tion  level  for  the  4-foot,  99-degree -corner  impactor  was  12QG  as  ahocm 
in  Figure  14 A.  It  is  noted  in  Table  3,  however,  that  a  permanent  de¬ 
formation  was  recorded  in  the  simulated  scalp  which  is  indicative  of 
inadequate  load  distribution  in  this  specimen,  ."he  reserve  capacity  of 
this  specimen,  as  indicated  by  the  6- foot,  99-degree -comer  drop,  was 
poor  as  shown  by  the  235G  peak  acceleration  recorded  {Figure  143). 

The  5-foot  drop  with  a  flat  impacts?  resulted  in  a  2O0G  acceleration 
level  which  w«sld  be  unacceptable  for  a  helmet.  The  specimen  did  not 
indicate  good  resistance  to  a  2 -foot  cone  impact  since  a  slight  perma¬ 
nent  depression  in  the  simulated  skull  was  noted  as  recorded  in  Table  3. 
This  performance  against  the  cone  impact  is  in  marked  contrast  to 
specimen  15  which  did  not  indicate  any  penetration  e.'en  in  a  4 -foot  drop. 
The  rebound  energy  for  this  specimen  was  very  little  different  from 
that  of  specimen  *5  as  may  be  observed  by  comparing  the  rebound  heights 
as  recorded  in  Table  3. 

Specimen  21 

This  specimen  had  an  0.04-inch-thick  magnesium  outer  shell,  bat  it 
was  similar  to  specimen  iS  is  other  respects.  The  acceleration  level 
for  this  specimen  for  the  4 -foot,  90-d^gree~comer  impact  was  133G. 

This  is  high  in  accordance  with  the  values  previously  noted  in  the  human 
tolerance  section  of  this  report,  if  a  1.25  factor  of  safety  based  on 
fracture  is  to  be  used.  This  high  acceleration  was  caused  by  the  high- 
density  {6  pounds  per  cubic  foot!  foam  used  in  the  energy -absorbing  liner. 
It  is  shown  in  the  "Impact  Testing  of  Experiment  Helmets*  section  oi 
ibis  report  that  a  helmet  constructed  in  the  same  manner  as  specimen 
21,  hut  with  3 . 2 -pounds- per-cubic-foot  density,  energy-absorbing 
material,  yielded  an  acceleration  of  only  S5G  for  a  4-foot  crjp  with  a 
90-degree-comer  imp* c tor  {reference  Table  8,  drop  number  33G). 
Specimen  21  also  gave  as  excessive  acceleration  oi  240G  for  the  6-foot 
comer  impactor  drop.  The  3-fou?  d^op  with  a  Oat  impactor  gave  an 
acceleration  of  230 G  although  so  permanent  deformation  was  noted  in  the 
siaaulatcd  scalp  for  this  drop.  A  cone  drop  from  2  feet  did  not  result 
in  permanent  deformation  oi  simulated  scalp,  while  a  drop  of  J  feet  did 
result  in  permanent  depression  as  noted  in  Table  3.  The  resistance 
against  the  cone  impactor  was  not  as  good  as  that  :>■-  specimen  13; 
however,  the  performance  is  considered  adequate  is  view  of  the  fact 
that  it  protects  40  to  50  percent  of  the  energy  level  lor  a  corner  impactor. 
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ike  rebound  recorded  for  this  specimen  (0.6  foot  for  6-toot  drop  of  90 - 
degree -come r  impactor)  is  the  lowest  of  the  four  sepcimens  discussed 
here.  Reference  to  Table  8  reveals  that  helmet  33  (3  2  pounds -pe r - 
cubic -foot  density)  yielded  rebound  heights  of  about  half  of  those  heights 
recorded  for  specimen  21  in  Table  5  The  annealed  metal  shells  tend 
to  remain  permanently  deformed,  while  the  plastic  shells  tend  to  re¬ 
gain  their  shapes  after  impact.  The  permanent  deformation  remaining 
in  the  metal  shell  specimens,  therefore,  is  indicative  of  good  energy 
absorption  without  excessive  rebound  energy. 

Specimen  2? 

This  specimen  was  constructed  with  an  0.08-inch-thick.  ABS  plastic, 
outer  shell.  The  energy-absorbing  liner  of  urethane  foam  had  a  density 
of  3.  7  pounds  per  cubic  foot.  The  acceleration  level  for  the  4 -foot, 

90 -degree -corner  impactor  was  2000.  an  excessive  value,  and  a  per¬ 
manent  depression  was  noted  in  the  simulated  scalp  as  shown  in  Table  3. 
The  6-foot-comer  impacter  drop  resulted  in  a  390G  acceleration  with 
a  severe  permanent  depression  in  the  simulated  scalp  of  more  than 
0.  10  inch.  The  flat  impacter  resulted  in  a  245G  acceleration  level  which 
is  also  excessive  in  accordance  with  the  values  noted  in  Figure  5.  This 
specimen  also  indicated  very  poor  performance  in  the  2-foot  cone  impact 
since  a  permanent  depression  was  noted  in  the  simulated  scalp  for  Shis 
drop.  This  specimen  was  also  found  to  store  relatively  large  amounts 
of  elastic  energy  in  flat  surface  impacts  as  reflected  in  the  0.  8  to  1.0 
foot  rebound  heights  given  in  Table  3  for  the  3-foot  and  6-foot  drops. 

The  tests  conducted  on  the  27  specimens  reveal  generally  that  (1) 
specimens  constructed  with  magnesium  outer  shells  performed  satis¬ 
factorily  and  weigh  less  than  other  specimens.  (2)  the  annealed  alumi¬ 
num  and  magnesium  shells  yield  lower  rebound  velocities  than  other 
outer  shell  materials.  (3)  the  density  of  foamed- in-place  polyurethane 
liners  should  not  exceed  4  pounds  per  cubic  foot  in  order  that  head 
tolerance  limits  are  not  exceeded  in  flat  impacts,  and  (4)  highly  ductile 
plastic  shells,  such  as  ABS  and  polycarbonate,  do  not  perform  as  well 
as  the  other  shells  tested. 


43 


IMPACT  TESTING  OF  EXPERIMENTAL  HELMETS 


Impact  te#*s  were  conducted  o«  two  experimental  helmet  a  and  cm  esse  of 
the  9-ply  uylsas  shell  helmets  developed  by  the  Natick  Engineering  and 
Research  Center.  Two  methods  of  testing  were  empleved:  (1)  the 
impactor  ra&ss  v.a *  dropped  onto  a  stationary  helmet  bead  form,  and 
(2)  the  helmet  head  form  was  dropped  as  a  unit  onto  the  impact  surface. 


DESCRIPTION  OF  EXPERIMENTAL  HELMETS 


As  already  noted,  satisfactory  helmets  can  be  assembled  from  many 
combinations  of  shells  and  energy -absorbing  materials  as  long  as  the 
requirements  with  resneci  to  head  deceleration  level  and  resistance 
to  penetration  are  met.  The  experimental  helmet,  which  was  con¬ 
structed  to  demonstrate  the  concepts  discussed  in  this  report,  was 
made  up  of  the  following  major  components: 

1.  Outer  shell.  0.040-inch  annealed  magnesium  (AZ-31 3-0) 

2.  Outer  liner,  3.0  to  5.0  pounds  per  cubic  foot,  foamed-in-place 
polyurethane 

3.  Inner  shell.  4-ply  fiber  glass  (6  ounces  per  square  yard) 

4.  Inner  liner.  PVC  slow-rebound  foam,  4-pounds-per»cubic*foot 
density 

5.  Suspension,  crocheted  nylon  net*  (3 /16-inch  openings,  adjustable 
bv  drawstring* 

6.  Retention  oraess.  crocheted  nylon  net*  (3/16-inch  openings 
with  1/ 16-inch  by  1-inch  nvion  chin  strap) 

7.  Earmuffs,  noise  attenuating  type,  manufactured  by  Carter 
Engineering  Co.  ,  Los  Angeles.  California. 

The  above  elements  of  the  experimental  helmet  are  illustrated  in 
Figure  15.  and  photographs  of  the  helmet  are  shown  in  Figures  16  and 
17. 


*Nci  material  identified  as  Imperial  Nylss  Net,  Manufactured  by 
Davis  MU'*.  Inc.  .  Lake  City*  TestT 
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SUSPENSION  MET  CROWN  DRAWSTRING 
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The  abGv*  weights  do  not  include  a  visor,  visor  support  hardware,  or 
Kummunications  equipment. 

The  experimental  helmets  had  a  total  thickness  of  about  i.  35  inches  in 
the  frontal  area;  however,  the  thickness  tapered  to  the  values  given  in 
Table  8  in  other  areas.  Four  experimental  helmets  which  will  fit  up 
to  a  95-percentile  head  were  constructed  in  this  study;  these  helmets 
are  numbered  and  identified  in  Table  6. 
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The  weight  breakdown  of  the  experimental  helmets  which  ^er«  tested 
is  »fcui*n  in  Table  4 


EXPERIMENTAL 


TABLE  4 

HELMET  WEIGHTS  -  95 -PERCENTILE  SIZE 


Helmet 

Helmet 

No.  32  (lb) 

V, 

o 

*>* 

cr 

Outer  Sneb  -  0.040  Magnesium 

0.  51 

0.  30 

Outer  Liner  -  Polyurethane  foam 

6.  45“ 

G  2?*e 

Inner  Shell  -  *-pl%-  fiber  glass 

0  tO 

0.  43 

Inner  Liner  -  Polyvinyl  chloride 

0.  12 

0.21 

foam  (PYC) 

Suspension  and  Retention  Harness 

O  16 

0  Ifc 

Nyion  act 

Total 

1.87 

1. 39 

*  Foam  density  -5.7  pound*  per  cubic  foot 

=**  Foam  density  =  3.  2  pounds  per 

cubic  foot 

The  weight  breakdown  of  the  9-ply  nylon  helmet  supplied  by  the  Natick 

Engineering  and  Research  Laboratory 

is  shown  in 

Table  3. 

TABLE  5 

NYLON  HELMET  WEIGHTS  - 

SO -PERCENTILE  SIZE 

Helmet 

No.  36  (lb) 

Outer  Shell  and  Energy-Absorbing 

Liner 

19 

Fitting  Pads 

0.  12 

Retention  Harness 

0,  14 

Total  2. 45 


The  above  weights  do  not  include  a  visor,  visor  support  hardware,  or 
communications  equipment. 

The  experimental  helmets  had  a  total  thickness  of  about  i.  35  inches  in 
the  frontal  area;  however,  the  thickness  tapered  to  the  values  given  in 
Table  8  in  other  areas.  Four  experimental  helmets  which  will  fit  up 
to  a  95-percentile  head  were  constructed  in  this  study;  these  helmets 
are  numbered  and  identified  in  Table  6. 
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TABLE  k 

: LMET  IDENTITY  -  95TH  PERCENTILE  SIZE 


Helmet  No, 

Vent  Holes 

End  Use  Total  Weight* 

ilb) 

Yes 

Test 

i,  5f 

X-35 

Yes 

Test 

1.59 

X-34 

No 

Demonstration 

2.00 

X-35 

Yes 

Demonstration 

1. 80 

*  Weight  includes  suspensive  and  retention  harness  but  does  not 
isclude  earmuiis  and  earphones. 


TEST  PROCEDURE 

■—  urin-tnrr  ■  gwayM— <g— gg»  w..«x«» 

Use  tests  were  conducted  by  two  methods  In  the  first  method,  the 
same  impact  or  used  for  the  hemispherical  specimens,  as  shown  in 
Figure  il.  was  used  to  impact  the  rigidly  mounted  helmet  head  form 
assembly.  In  the  second  method,  the  impactor  was  rigidly  mounted 
and  f>*  ins?T — rented  helmet  head  form  combination  *»•  4ir«*»«edi  *s»to 
ii  as  shown  in  Figure  18. 

A  5f>«pe rceniile  head  form  was  cast  of  magnesium,  with  previsions  for 
mounting  the  accelerometer  at  the  center  of  gravity  of  the  helmet  head 
form  drop  jig  assembly. 

The  accelerometer  mounting  in  the  head  form  was  so  designed  that  it 
could  be  positioned  to  align  with  the  anticipated  acceleration  vector  for 
a  complete  range  of  bead-helmet  positions.  A  photograph  of  the  dis¬ 
assembled  head  form  and  accelerometer  is  shown  in  Figur-e  19. 
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The  weight  of  the  helmet  held  form  droppable  rrsaes  is  shows  is  Table  7 

TABLE T 


WEIGHT  OF  HELMET  AND  I3EA0  FORM  (DROP  WEIGHT) 


Item 

Helmet  Identity 

No.  X-32  Exp. 
(lb) 

No.  X-33  Exp. 
(lb) 

No.  36  Nylon 
(lb) 

Head  for tn 

9.46 

9.46 

9.46 

Accelerometer 

1. 04 

1.04 

1.04 

Mounting 

Drop  Jig 

0.  50 

0.  50 

0.  50 

Helmet  (includes  ear- 

2.  00 

1.72 

2.90 

phones  and  muffs) 

Total  Drop  Weight 

13.00 

12.72 

13.  90 

The  tune  data  retrieval  system  used  with  the  hemispherical  specimens, 
as  illustrated  i n  Figure  13,  was  also  used  in  these  tests. 

The  location  of  impacts  on  the  helmets  and  the  type*  of  impactors  used 
are  shown  in  Figure  2G. 


ssxsj-kac 

as* 

VS335S  it 
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Figure  20.  Location  of  Impacts  sad  Test  Methods 
Used  for  Testing  Helmets. 
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TABLE  BA 

TEST  RK3VLT5  -  EXPEP,  (MENTAL  HELMETS* 
CTotai  Dr<rijpable  Weighs  -  spgiz*.  13  3  lb) 


- — ' 

X*?AC7  S"J?.T?£Z.  - 9» 

is? act  srrrs  — — 

2£D?  SIGHTS  . . 

TEST  fSTTHOD  - - - 

Belset  j  teasuredl 

Identity*  Data  * 

i — - r 

ry.i  ! 

j  {s*5  la.  01*.)  j 

a 

n 

l_JZj 

t  i 

41  ft  |  a  ft 

3  ft  j 

|  5  f t  |  5  ft 

■ 

Lt*j 

i  ( 

In 

I  ‘  I  x* 

- - — | 

Thidsj«ss-Ia. 

&>.  X-32  Onset  Kete-S/s* 

O.Oe  teg.  tea  Acc«l~G 

5.7  febcuad 

rr>1t  Footnotes 

- 

I.  2a 
33,323 
65 
O.i1 

1.00 

10,030 

*2 

3.2* 

i 

j  t 

1 33,000 

j  O.a* 
«* 

i  1 

it  I 

55  jvfVV  | 

170  { 
3.2’| 

•  I 

roitkness-Is. 
w*  a*33  n  — , 

r  At  Onset  R*te-G/se 

?T.wf;s 

3-J  u/fH  a^uai  at  .-ft 
Footnotes 

1.2S 
c  *,0DS 
60 
0.2* 

1.25 

15,300 

95 

0.1* 

0.95 

$0,300 

123 

0.2* 

»•* 

t 

12,000 

85 

3.3* 

«e 

Ml 

Ho.  3%  Hudcaess-lR. 

9  fly  Hyloo  Onset  Sate*£/s* 
So  laser  Has  Accei-G 

Shall  a. ft  Aebo-jrd  Ht-ft 

lb/ft^  Tose  footnotes 

0.33 
CI2 ,000 
50 
0.3* 

0,83 
35 ,033 
150 
0.3* 

m 

0,60 

8,000 

SO 

0.^* 

e 

60,000 

ISO 

O.a* 

- 1 

c 

105,000 

210 

O.a* 

a.  Tte  com  ftMtntd  tte  imp  liner;  it  414  not  rest  act  the 

K  1Mck»u  earied  la  this  area  <des  to  recessing  for  — gphosat)  from  0.* 
Tack  at  telnt  lewr  edge  ap  to  1.3  isetes  is  tha  apper  area,  ta  earpbcme 
and  aarasff  (aa  AiiertM  in  Teat  Tpeciars  Descriptive)  «n  Iaatalla4. 
c.  Tha  only  energy- aleor  Mag  set  aria!  la  thia  Mta  (aaeept  at  tte  spger 
aSfa  xf  tte  esayhaoe  eat  oats)  is  tte  ay  lea  oatar  stell  a»4  tte  standard 
military  sarwaffs  mi  earphones  (W  20M/U). 

4,  Ttesa  iaoaets  «cra  placed  within  1  inch  of  tte  I-incb-diaseter  acat 
Ci»S. _ _ 

*  9oo  Fifara  20  for  aaplaaatioc  of  lap  act  Sites  sad  Tost  Hatted,  See 
•Tost  tasalts  -  Haei spherical  9peci*»a"  for  definition  of  Osset  Hate. 
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The  test*  were  conducted  in  seqasftce  sn  accordance  with  the  alphabetic n* 
listing  fro rr»  A  through  J  in  ord^r  that  the  damage  imposed  by  each 
impact  would  least  affect  tbs  *ufeaequeot  impacts*,  that  is.  tests  A.  B, 
and  C  were  cone  drops  which  rc-sul?es  In  localized  damage,  while  tests 
I?,  Si  F«  G.  and  H  were  9$-dcgr*c-^ors«r  drops,  and  tests  I  and  J 
were  slat  surface  drop#,  which  reacted  in  the  largest  area  o(  damage 


TEST  RESULTS 


The  test  results  are  presensed  is  rusic ricai  form  in  Table  8  and  in 
graphical  form  irs  Figures  ll  asvd  22  The  test  conditions,  test  method, 
and  impact  locations  are  noted  is  the  previous  section.  Table  8  includes 
helmet  thickness,*  the  acceleration  onset  rate,  the  maximum  {peak} 
acceleration,  aod  the  rebound  height.  The  acceleration-time  traces 
for  the  90 -degree-corner  drops  from  4  feet  and  ?  feet  and  the  flat 
surface  impacts  from  4  £»et  are  compared  in  Figures  21  and  22 

No  duplicate  tests  were  conducted  because  of  the  limited  number  of 
specimens  available.  Although  man?  tests  should  be  conducted  in  order 
to  establish  statistically  significant  results,  the  following  geaeral  ob¬ 
servations  should  be  valid  - 

Reference  to  the  column  headed  90°  Cone  in  Table  8  shows  that  all 
three  helmets  have  good  resistance  to  the  4-foot  cone  impacts  in  the 
frontal  areas,  although  13GG  was  recorded  for  the  9-piy  nylon  helmet 
using  the  movable  head  helmet  test  method  (Impact  Site  B>.  The  doable- 
shell  helmets  (Nos.  32  and  33}  gave  accelerations  of  63G  and  95G  re¬ 
spectively.  Helmet  No.  32  with  the  higher  density  foam  gave  the  lower 
acceleration  value  (b5G)  indicating  that  some  bottoming  was  occurring 
in  the  test  of  specimen  No.  33;  however,  no  penetration  of  the  inner  shell 
of  specimen  No.  33  occurred.  It  should  be  noted  that  the  impact  velocity 
in  these  tests  was  i§  feet  per  second  and  that  the  impact  energy  was 
approximately  4  feet  times  13.  3  pound*  =  34  foot-pound*.  Thi*  would  be 
equivalent  to  about  1(H)  foot-pounds  in  tests  in  which  a  movable  heae 
helmet  assembly  is  impacted  by  an  equal  mass.  With  the  exception  of 
the  150G  recorded  for  the  nylon  helmet  {No.  36},lhe  acceleration  levels 
were  quite  acceptable 


*  The  ^itelmet  thickness*’  noted  in  Table  8  is  the  thickness  of  the  ^uter 
shell,  urethane  foam  liner,  and  the  inner  fiber  glass  shell  for  thr  X- 
32  and  X-33  helmet*,  while  the  thickness  include*  only  the  outer  shell 
and  User  for  No.  3b  helmet  since  no  inner  shell  was  used. 
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All  three  helmet*  indicated  adequate  resistance  to  the  90 -degree-corner 
impacts  In  the  aft  {occipital)  and  crown  regions  {impact  sites  D.  E,  F, 
and  G)  Cor  3~foo?  and  4*foot  drops,  with  one  exception:  Specimen  33  at 
impact  site  D  (cester  occipital)  revealed  bottoming  with  a  peak  reading 
<ii  205G.  This  drop  was  obviously  just  above  the  energy-absorption 
capacity  at  this  point  since-  so  bottoming  occurred  at  sii«»  E  xnd  F  to 
either  side  in  subsequent  drops  on  the  same  specimen. 

Figure  21  allows  a  comparison  of  the  nature  of  the  acceleration -time 
records  for  4*foot  and  7-foos  drops  on  the  three  helmets  The  sharp 
peaks  appearing  in  the  records  for  the  "Moot  drops  show  that  bottoming 
is  occurring  and  that  the  effective  energy  ^absorption  capacity  has  been 
exceeded.  Impacts  at  still  higher  velocity  *sH!  further  increase  these 
peak  accelerations.  Note  that  the  9~ply  nylon  helmet  gave  a  JOOaG  peak 
for  the  7~fos>t  drop  compared  with  150G  for  the  double-shell  helmet  No. 

32.  Hie  150G  deceleration  for  this  specimen  is  near  the  threshold  of 
deceierative  limits  as  discussed  earlier. 

The  best  performance  against  the  side,  fiat  impact  from  5  feet  was 
exhibited  by  the  low  density  foam  helmet  Mo.  33.  This  would  be  antici¬ 
pated  since  the  flat  impact  compresses  a  large  area  of  energy-absorbing 
material.  Helmet  No.  16  again  produced  high,  although  probably  sur- 
vivable.  acceleration  level*. 

Figure  22  illustrates  that  the  5-foot  flat  impacts  by  the  impactor  drop 
(Method  I)  gave  consistently  lower  acceleration  level*  than  for  the 
corresponding  drop  of  the  head  helmet  assembly  onto  a  fixed  anvil 
{Method  II).  An  exception  to  this  trend  wat  noted  with  the  ?0 -degree- 
comer  impacts  from  3  feet  on  helmet  No.  33  in  which  a  higher  acceleration 
value  was  noted  for  the  impaetor  drops  (No.  33D  and  33E)  than  for  the 
head  form  drop  (No.  33F).  It  should  be  noted  that  impactor  drop  No. 

3 3D  resulted  in  bottoming  with  a  maximum  acceleration  of  205G;  there¬ 
fore.  this  value  is  not  comparable  with  drop  33E  in  which  only  65G  was 
recorded.  The  difference  in  drops  33E  and  33F  may  be  due  to  localized 
variation  in  the  density  of  the  foamed  energy-absorbing  material;  how¬ 
ever,  further  testing  is  needed  to  correlate  the  two  methods. 

The  above  results  lead  to  the  following  conclusions: 

1.  The  double -shell  helmet  concept  shows  good  performance  for  a 
wide  range  of  impact  conditions  from  the  coo*  to  the  flat  impact, 

2.  If  polyurethane  foam  of  the  type  and  thickness  employed  in  these 
tests  is  to  be  used, the  density  should  be  between  j  and  4  pounds 
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per  cubic  foot,  and  probably  dole  to  the  lower  value  Actually, 
it  is  the  street -strain  characteristics  of  the  material  which  are 
important  and  not  the  material  density. 

3.  The  impact  capabilities  of  the  double-shell  helmets  described  here 
greatly  exceed  the  requirements  as  listed  in  MIL* H- 22993.  These 
helmets  are  about  equal  :n  weight  to  the  AFH-5  and  APH-6  helmets 
in  current  use.  and  they  are  about  3/4  pound  lighter  than  the  9-ply 
nylon  helmet  proposed  as  a  replacement  for  the  APH-9 

4.  All  of  the  acceleration  levels  recorded  in  the  tests  of  these  three 
helmets,  including  Test  No  36H  on  the  9-ply  nylon  shell  {300-^Gl. 
were  within  the  requirements  of  MIL-H -22995  It  must  be  recog¬ 
nised.  however,  that  ail  acceleration  levels  in  excess  of  about 
125G  are  considered  unacceptable  in  accordance  with  the  data  pre¬ 
sented  in  the  section  on  Head  Acceleration  Limits. 


59 


REFERENCES 


1.  Schneider,  Daniel  J.  ,  Captain,  MC,  Wtlhout,  Gerrii  5.  .  Helmet 
Design  Criteria.  AvSER  (AvCIH)  Report  62-6,  TCREC  Technical 
Report  6i-57,  U.  S.  Army  Aviation  Materiel  Laboratories,* 

Fort  Eustis.  Virginia,  April  1962. 

2.  Minutes  of  ln-Procc»fl  Review-Army  Aircraft  Crewman's  Helmet, 
Quartermaster  Research  and  Engineering  Center,  Natick,  Mass. . 
September  1961.  {Unpublished  report). 

3.  Minutes  of  Task  Group  Meeting  -  Army  Aircraft  Crewman**  Helmet, 
Quartermaster  Research  and  Engineering  Center,  Natick.  Mass. , 
February  1962.  (Unpublished  report). 

4.  Minutes  of  Task  Group  Meeting  -  Army  Aircraft  Crewman's  Helmet, 
Quartermaster  Research  and  Engineering  Center.  Natick.  Mass. , 

May  1962.  (Unpublished  report). 

5.  Office  of  Naval  Research,  Minutes  of  Conference  on  Effective  Life 
Support  Helmets,  Sponsored  by  the  Office  of  Nava*  Research  and 
Bio  Technology.  Inc. ,  Report  No.  64-3.  31  October  1963. 

6.  Military  Helmet  Design,  Naval  Medical  Field  Research  Laboratory, 
Camp  LeJeune,  N.  C. ,  June  1958. 

7.  Relation  to  Use  or  Non-Use  of  the  Protective  Helmet  to  Head  Injuries, 
USAF  Office  of  the  Inspector  General,  Norton  AFB,  Calif. ,  Period 

1  January  1951  through  31  December  1953. 

9.  DeHaven,  H. ,  "Mechanical  Analysis  of  Survival  in  Falls  from  Heights 
of  Fifty  to  One  Hundred  and  Fifty  Fee t",  War  Medicine,  Vol.  2, 

July  1942. 

9.  Gurdjian.  E.  S. .  Lissner,  M.  S. ,  and  Patrick.  L.  M.  .  "Protection 
of  the  Head  and  Neck  in  Sports",  Journal  of  American  Medical  Associ¬ 
ation,  Vol.  182.  November  1962. 

9 A.  Gurdjian,  E.  S. .  Webster,  J.  E. .  and  Lissner,  M.  S. .  "The  Mech¬ 
anism  of  SkuJJ  Fracture".  Reprinted  from  RADIOLOGY,  Vol.  54, 

No.  3,  pages  313-339,  March  1950. 


*  Formerly  U.  S.  Army  Transportation  Research  Command. 


10.  Snivcly,  G.  G.  ,  Chichester,  C.  O,  .  ‘'Impact  Survival  Levels  of 
Head  Acceleration  in  Man".  Journal  of  Aviation  Medicine,  Vo1.  32, 
No.  4.  April  1961. 

11.  Rawlins,  J.  5.  P.  ,  “Design  of  Crash  Helmets”.  The  Lancet,  pp. 
719-724.  October  1956. 

12.  Lissner.  H.  R<  ,  Lebc*-,  M. ,  and  Evans.  Gaynor  F. ,  "Experimental 
Studies  on  the  Relation  Between  Acceleration  and  Intracranial 
Pressure  Changes  in  Man",  from  Surgery,  Vol.  111.  September  1960, 
pp.  329-338. 

13.  Rothe,  V.  E. .  Turn  bow,  J.  W, .  Roegner.  H.  F. .  and  Bruggink, 

G.  M. .  Crew  Seat  Design  Criteria,  AvSER  (AvCIR)  Report  62-20, 
TCREC  Technical  Report  63-4,  U.  S.  Army  Aviation  Materiel 
Laboratories,  Fort  Enstis.  Virginia,  February  1963. 

14.  Army  Aviation  Helmet  Experience.  Report  No.  HF  4-61.  USAS  AAR, 
Ft 7  Rucker,  Alabama.  April  Y§5  t 

15.  Zeigen,  R.  S.  ,  et  al.  A  Head  Circumference  Siaing  System  for 
Helmet  Design,  WADD  Technical  Report  6d-^3i,  December  1950. 

16.  Snivel}*,  G.  G. .  "Comparative  Impact  Tests,  Racing  Crash  Helmets” 
Snell  Foundation.  June  1958. 

17.  Raeke.  J  W. ,  -'Instrumentation  for  Testing  Impact  Protection 
Characteristics  of  Flight  Helmets”.  North  American  Aviation,  Inc. , 
Aero-Medical  Association  30th  Annual  Meeting.  27  April  1959. 

It.  But  sow,  N.  W. ,  Wood.  L.  E. .  "Comparative  Analysis  of  Energy 
Absorbing  Materials  and  Protective  Headgear”.  Purdue  University 
Engineering  Experiment  Station,  Lafayette,  Indiana,  June  1960. 

19.  Miller,  F.  L. ,  "An  Investigation  of  the  Impact -Absorbing  Qualities 
of  Selected  Football  Helmets”,  Indiana  University,  Bloomington, 
Indiana,  1959. 

20.  Development  of  Suspension  System  for  Army  Flight  Personnel 
Helmet,  Report  No.  OG-i  163-D-l ,  Cornell  Aeronautical  Laboratory, 
June  1958. 


61 


21.  Head  Impact  and  Helmet  Investigation,  Report  Ho.  OG-675-D-5, 
Cornell  Aeronautical  Laboratory,  April  1951. 

22.  Lombard,  C.  F.  ,  Smith,  W.  .  Ames,  Roth,  Herman  P. ,  and 
Rosenield,  Sheldon,  '’Voluntary  Tolerance  of  the  Human  to  Impact 
Acceleration  of  the  Head”,  Journal  of  Aviation  Medicine,  Vol.  22. 
No.  2.  April  1951. 

23.  ’Evaluation  of  Energy  Dissipating  Material*  for  Use  in  Aerial 
Delivery  of  C-Raiions”,  Plastics  Section  Report  No.  4,  Quarter* 
master  Research  a&d  Engineering  Center.  Natick,  Mass.,  July 
1959. 

24.  Atlantic  Research  Corporation.  ’’Development  and  Field  Production 
of  Foamed- In -Place,  Plastic,  Energy  Absorbing  Materials”, 
Quartermaster  Research  and  Engineering  Command.  Natick.  Mass. 
March  19bl. 


BIBLIOGRAPHY 


This  bibliography  cover*  *  good  portion  of  tfcr  literature  available  on 
helmet  design  factor*.  Many  articles  and  report*  pertaining  to  this 
subject  which  were  written  before  World  War  11  are  not  included  in  thi* 
bibliography  due  to  the  fact  that  development  of  lightweight  energy- 
absorbing  materials  has  occurred  since  this  time.  This  material  is 
segregated  into  eight  topics  a*  listed  below: 

1.  General 

2.  Helmet  Materials 

3.  Helmet  Accident  Experience 

4.  Helmet  Testing 

5.  Helmet  Cooling 

6.  Football  Helmets 

7.  Head  Acceleration  Limits 

5.  High  Noise  Level  Communications 


1  -  GENERAL 

Cornell  Aeronautical  Laboratory,  Development  of  Suspension  System 
for  Army  Flight  Personnel  Helmet.  Report  No.  OG-iIb3-D-I ,  June  1955. 

Civil  Aeronautics  Medical  Research  Laboratory  Project  No.  53-204, 
Motions  of  the  Head  and  Trunk  Allowed  by  Safety  Belt  Restraint  During 
Impact,  June  193b. 

Cornell  Aeronautical  Laboratory.  Head  Impact  and  Helmet  Investigation, 
Report  No.  OG-675-D-5.  April  1951. 

Dye,  E.  R. .  "Protecting  the  Head  from  Impact  Injuries",  Cornell 
Aeronautical  Laboratory,  Cornell  University,  from  "Safety  Education”, 
April  1953. 

Egiy.  J.  M, ,  Combat  Helmet  Development  Report  WO-OG-998-D-2, 

Asiia  Document  No.  a61  22944,  January  i957.  Report  by  Cornell  Aero¬ 
nautical  Laboratory  for  U.  S.  Quartermaster  Research  and  Development. 

Gurdjian,  E,  S. .  et  al.  "Evaluation  of  the  Protective  Characteristics  of 
Helmets",  fin  Press). 

Hatfield,  J.  L.  ♦  et  al.  Noise  Problems  Associated  with  the  Operation  of 
U.  S.  Army  Aircraft  US A^ AAR,  keport  No.  oS-i,  June  1963. 


53 


Headier.  E.  .  et  al.  ’’Protective  Helmet  for  Pilot*  of  High  Speed  Air¬ 
craft,  "  Aero-Medical  Equipment  Laboratory  Naval  Air  Experimental 
Station,  Philadelphia,  Pennsylvania.  June  1948 


Headier,  E. ,  et  al,  *’The  Design  and  Evaluation  of  Aviation  Protective 
Helmets”,  1.  Aviation  Medicine,  Vol.  27,  pp.  64-74,  February  1956. 

Johnson,  L.  F. .  et  al.  ”Relatioaship  of  Venous  Pressure  to  Intrap^Imonic 
Pressure:  A  Comparison  of  Continuous  Positive  Pressure  Breathing  by 
Mask  and  by  Helmet”.  School  of  Aerospace  Medicine,  Brooks  Air  Force 
Base.  Texas.* 

Kalogaris.  J.  G.  .  Pilot  Emergency  Escape  Upper  Torso  Restraint. 
Coavair  Report  No.  9999,  28  August  1$$6. 

Moore.  R.  L. .  Hov  Crash  Helmets  Save  Life.  New  Scientist  Vol.  15, 

9  August  1962,  ~ 

"Net  Helmet  Protection  Theory  Advanced”,  Aviation  Week.  25  January 
1949. 

Office  of  Naval  Research,  ’Headgear  for  Safer  Flying4’,  Research  Re¬ 
view;.  pp.  i-7,  October  1952. 

Office  of  Naval  Research,  Minutes  of  Conference  on  Effective  Life 
Support  Helmets,  Sponsored  by  the  Office  of  Naval  Research  and  Bio 
'technology,  tne. ,  Report  No.  64-3,  Si  October  1963. 

Quartermaster  Research  and  Engineering  Command,  Natick,  Mass. , 
’'Minutes  of  In-Process  Review,  Army  Aircraft  Crewman's  Helmet”, 
September  1961.  held  at  Natick,  Mass. 

Quartermaster  Research  and  Engineering  Command,  Natick,  Mass. , 
’’Minute*  of  Task  Group  Meeting.  Army  Aircraft  Crewman's  Helmet”, 
February  1962,  held  at  Ft.  Rucker,  Alabama, 

Quartermaster  Research  and  Engineering  Center,  Natick,  Massachusetts, 
“Minutes  of  Task  Group  Meeting  Army  Aircraft  Crewman's  Helmet", 

May  1962,  held  at  Natick,  Massachusetts . 

Rawlins,  J.  S.  P. ,  “Design  of  Crash  Helmets”,  The  Lancet,  pp.  719- 
724,  9  October  1956. 

*  ^ubitcatiofi  <£ate  net  recorded. 


64 


Rawlin* .  J.  S.  P.  ,  ‘’Development  of  a  Flying  Helmet  and  of  a  Protective 
Helmet”,  FPRC847,  RAF  institute  of  Aviation  Medicine,  August  1955. 

Rotfa.  H.  P.  ,  "Some  Fact*  about  Safety  Helmet*  and  Safety  Helmet 
Research”.  19  July  i960, 

Roth,  H.  P. .  "Performance  Capabilities  of  Protective  Headgear  ", 

United  Tank*,  lac. ,  December  1959,  Revised  April  I960* 

Roth,  H.  P,  ,  "Equipment  for  Protection  of  t  -  Head”,  from  proceedings 
of  a  Symposium  on  "Escape  from  High  Performance  Aircraft”  at  Los 
Angeles,  California,  October  1955. 

Schneider,  J, ,  "Protective  Equipment  for  the  Flier".  German  Aviation 
Medicine  in  World  War  11,  Government  Printing  Office.  Washington,  D. C.* 

Schneider,  D.  J. ,  et  al,  Helmet  Design  Criteria,  AvSER  (AvCIR)  Report 
62*6,  TCREC  Technical  Report  6^-5?,  U.  S.  Army  Aviation  Materiel 
Laboratories,  Fort  Eustis,  Virginia,  April  1962. 

Snell  Memorial  Foundation  ’Standards  for  Protective  Headgear",  1962. 

Snell  Memorial  Foundation  "Standards  for  Racing  Crash  Helmets  ",  1959. 

Snively,  G.  G. .  ’Skull  Busting  for  Safety”.  Reprint  from  Sports  Cars 
Illustrated,  July  1957. 

Snively,  G.  G. ,  et  *1.  ‘Safety  in  Racing”.  Sports  Car,  December  1959, 

Steinkerchner,  J.  O. .  "Impact  Protective  Headgear”,  B.  F.  Goodrich 
Aerospace  and  Defense  Products,  September  1963. 

Zeige&c  R.  5. .  «t  al,  A  Head  Circumference  String  System  for  Helmet 
Design,  WADD  Technical  Report  60«6ii.  becember  1956, 

Unknown  Sources: 

Joss.  G.  3. .  et  al.  Design  Consideration  for  Head  Protective  Devices. 


ypgE ESSS5S  gag  acTrecorded 


65 


2  -  HELMET  MATERIALS 


All.  A. .  "Cushioning  for  Air  Drey,  Part  VIII.  Dynamic  Stress-Strain 
Characteristics  of  Varies*  Material*  '9  prepared  for  Quartermaster  Re¬ 
search  and  Development  Command  fey  Uniirersity  of  Texas.  Austin, 

Texas .  3  June  1957, 

American  Institute  of  Mining  Metallurgical,  and  Petroleum  Engineers 
Response  of  Metals  to  High  Velocity  Deformation,  Reprint  from  Metal¬ 
lurgical  Society  Conference.  Vol.  9,  Inle r science  Publishers. * 

Atlantic  Research  Corp. ,  "Development  and  Field  Production  of  Keamed- 
In-Placc,  Plastic,  Energy  Absorbing  Materials",  Quartermaster  Re¬ 
search  and  Engineering  Command,  Natick,  Massachusetts,  March  1961. 

Butaow,  N.  W.  ,  et  al.  '‘Comparative  Analysis  of  Energy  Absorbing 
Materials  and  Protective  Headgear",  Purdue  University  Engineering 
Experiment  Station,  Lafayette,  Indiana,  June  I960. 

Dew  Chemical  Company.  **Destgning  for  Static  and  Rapid  Mechanical 
Loading"  (Design  Considerations).  The  Dow  Chemical  Company,  Mid¬ 
land,  Michigan,  1963. 

Dye.  E.  R. ,  et  al,  "Mechanical  properties  of  Low  Density  Foams  as 
Energy  Absorbers",  C.  A.  L.  Inc. ,  American  Society  Mechanical 
Engineers,  It  June  1959. 

Dye.  E.  R  .  Development  of  Beam  Pad  and  Geodetic  Suspension 
Helmet,  Cornell  Aeronautical  Laboratory,  Report  Qfc-674-003,  1952. 

9WMMNMI 

Hexcel  Products,  Inc.  e  "Energy  Absorption  Properties  of  Aluminum 
Honeycomb",  Technical  Bulletin  iiO,  January  i960. 

Evans.  R.  M. ,  et  al,  "Prediction  of  Impact  Resistance  from  Tensile 
Data",  Instros  Engineering  Corporation.  Cantos,  Mass. ,  Reprinted 
from  SPE  Journal  Vol.  16.  Ho.  I,  January  1960. 

Karnes.  C.  H. ,  et  al,  "High  Velocity  impact  Cushioning  Part  V,  Energy- 
Absorption  Characteristics  of  Paper  Honeycomb",  prepared  for  Quarter¬ 
master  Research  and  Development  Command  by  University  of  Texas, 

25  May  1959. 

Lyons,  J.  W. ,  ‘Impact  Phenomena  in  Textiles",  Textiles  Research 
Institute.  Princeton,  N.  J. ,  January  1962. 

*  Publication  date  not  recorded. 

66 


Meafeee.  E  .  Effect  of  RaU  of  Load  Application  on  tensile  Properties 
of  Class -reinforced  Polyester.  Pic&tinny  Arseni!  Technical  Report 
3043.  Picatinny  Arsenal.  Dover.  N  J  ,  April  1963 

Naval  Research  Lab.  .  Mechanics  Div  ,  Washington,  D  €.,  "Penetration 
Resistance  of  24S  Aluminum  Subjected  to  Attack  by  a  Sharp-Edged 
Parallelepiped'*,  August  1954. 

North  American  Aviation,  Inc.  ,  Impact  Response  of  the  NAA  Prototype 
Helmet  and  Several  Aluminum  Shell- Liner  Combinations,  Report  N© 

NA  59-1841.  March  1960. 

Quartermaster  Research  and  Engineering  Center.  Natick.  Mass.  . 

Basic  Concepts  on  the  Energy  Dissipation  of  Cushioning  Material:*. 
Technical  Report  CP-i2.  April  1958. 

Quartermaster  Research  and  Engineering  Center.  Natick.  Mass.  . 
’’Evaluation  cf  Energy  Dissipating  Materials  for  Use  in  Aerial  Delivery 
Of  C«Rations",  Plastics  Section  Report  No.  4.  July  1959. 

Rosen,  B.  W  ,  el  al,  ’’Hollow  Glass  Fiber  Reinforced  Plastics”, 

General  Electric  Space  Sciences  Laboratory.  May  1963. 

Tumbow,  J.  W.  .  Stress-Strain  Characteristics  of  Materials  at  High 
Strain  Rates,  University  ox  Texas,  Structural  Mechanics  Research 
Laboratory,  Austin,  Texas,  5  January  i959. 

Turnbow.  J  W  .  Cushioning  for  Air  Drop  -  Part  VH.  Characteristics 
of  Foamed  Plastics  Under  Dynamic  Loading,  Prepared  for  Quarter¬ 
master  Research  and  Development  Command  oy  University  of  Texas, 
Austin.  Texas.  20  March  i959. 


3  -  HELMET  ACCIDENT  EXPERIENCE 

Beareh,  A.  A.  -  "Helicopter  vs.  Fixed  Wing  Crash  Injuries,  Army 
Experience"  (Presentation  for  the  Thirty-third  Annual  Meeting  o;  the 
Aerospace  Medical  Association.  9-12  April  1962,  Atlantic  City,  N.  J. ). 
USABAAR .  Ft.  Rucker.  Alabama. 

Cade.  Stanford  Air  Commander,  "Injuries  of  the  Head  and  Face  Sus¬ 
tained  by  RAF  Aircrew*  in  Operational  and  Non-ope rational  Flying'1, 
Flying  Personnel  Research  Committee,  F.P.  R.C.  476,  July  1942. 


67 


i 


DeHaven,  H.  ,  '’The  Site,  Frequency  and  Dangerousness  of  Injury 
Sustained  by  §00  Survivors  of  Light  Plane  Accidents ",  Crash  Injury 
Research,  Cornell  University  Medical  College,  July  1952. 

Oe Haven,  H.  .  '’Mechanical  Analysis  cf  Survival  in  Falls  from  Heights 
of  Fifty  to  One  Hundred  and  Fifty  Feet”,  War  Medicine,  Vol.  2,  Julv 
1942. 

Oe  term  an.  S.  B.  ,  et  al,  "USAF  Protective  Helmet  Review”,  M-5-60, 
June  i960.  Directorate  of  Flight  and  Missile  Safety  Research. 

Kulowski,  J. .  Accidental  Head  Injuries  in  Occupants  of  Automobiles, 

A  report  of  two  hundred  and  seventy  three  cates.  The  American 
Surgeon.  Vol.  22,  No.  5.  May  2956. 

Kulowski.  J. ,  Facial  Injuries:  A  Common  Denominator  of  Automobile 
Casualties,  T1  *  Journal  of  the  American  Dental  Association.  Vol.  53, 
pp.  ii-3 1.  July  1956. 

Mostly,  H.  G. ,  "Lethal  Lesions  Incurred  in  Aircraft  Accidents”, 
American  Journal  of  Surgery  ,  September  1957. 

Mosely.  H.  G, .  et  ai.  Relation  of  Injury  to  Forces  and  Direction  of 
Deceleration  in  Aircraft  Accidents,  The  Journal  of  Aviation  Medicine. 
Vol.  pp.  dkrtober  i^i. 

P«raor,;  R.  G- ,  Injury  Severity  as  Related  to  Seat  Tie-down  and  Belt 
Failure  tc  Lightplane  AectJects.  AvC XR  61  -4.  TREC  Technical  Report 
61-96,  U-  S  Army  Aviation  Materiel  Laboratories.  Fort  Eu*tis, 
Virginia,  August  1961. 

Pearson,  R.  G. ,  Relationship  Between  Impact  Variable*  and  Injuries 
Sustained  in  Lightpiane  Accidents,  AvClR  bi-5.  ihftis£  technical"”””1 
Report""  4i -9  sTu .  5.  Army  Aviation  Materiel  Laboratories,  August  1961. 

Quartermaster  Research  and  Engineering  Center,  Natick.  Mass. . 

"An  Analysis  of  Some  Human  Factors  for  Army  Aviators”.  195f. 

U5ABAAR,  Ft.  Rucker,  Alabama,  Army  Aviation  Helmet  Experience, 
Report  No.  HF  4-61.  April  1962. 

USAF  Office  of  the  Inspector  General.  Norton  AFB.  California,  Relation 
to  Use  or  Non-Use  of  the  Protective  Helmet  to  Head  Injuries,  Period ' 
t  'January  1^51  througn  ii  December 

41 


* 


U.  $.  Navy  Aviation  Safety  Center,  Head  Injury  Data  for  Calendar  Years 
1961  and  1962,  U  5  Naval  Air  Station,  Norfolk.  Virginia,  it  August 
1963. 


4  .  HELMET  TESTING 

Bureau  of  Aeronautic*  Contract  No.  52-1074-C,  "Development  of 
Instrument  and  Procedures  for  Evaluation  of  Protective  Qualities  of 
Aviator  Helmets”,  1953 

Raeke.  J.  W. ,  "Instrumentation  for  Testing  Impact  Protection  Char¬ 
acteristics  of  Flight  Helmet*”.  North  American  Aviation,  Inc. .  Aero 
Medical  Association.  30th  Annual  Meeting,  2?  April  1959. 

Reihm,  H-  D.  ,  Helmet  Impact  Tests,  Report  No,  MRL-TDR-62-19, 
Aero  Medical  Laboratory  Division.  Wright  Patterson  AFB.  Ohio, 
April  1962. 

Sniveiy.  G.  G. .  "Comparative  Impact  Tests,  Racing  Crash  Helmets”, 
Snell  Foundation.  June  1958. 

Strand.  O.  T. .  Impact  Effect  on  Two  Types  of  Protective  Helmets. 

AF  Technical  Report  No.  ^020,  Aero  Medical  Laboratory.  Eng.  Div. . 
Wright-Patferson  AFB,  Dayton,  Ohio.  *950. 

U.  S.  Navy,  Development  of  Instrumentation  and  Procedures  for 
Evaluation  of  Protective  6aslitiei  of  Aviator* >  Helmets,  Bureau  of 
Aeronautics  Report,  Department  of  Navy,  4  August  1955 


5  -  HELMET  COOLING 

Bcnren,  D. ,  "Thermal  Transport  Problem  for  Space  Worker*  Garment”. 
Aero  Space  Medical  Research  Laboratory.  Wright  Patterson  AFB.* 

Button,  A.  C. ,  "Basic  Problems  of  Thermal  Protection  of  the  Head  in 
the  Cold”.  Biophysics  Dept. ,  University  of  Western  Ontario,  paper 
presented  is  August  1939. 

Edholm,  O.  G. .  "The  Physiological  Eftects  of  Climate  on  Man”. 

National  Institute  for  Medical  Research.  London.* 

*  Publication  date  not  recorded. 


69 


Nielsen,  et  si,  "He*t  Loss  by  Radiation  and  Convection  from  a  Clo‘hed 
Thermostat  and  from  a  Clothed  Man**,  Technological  Institute,  Copen¬ 
hagen,  Denmark.* 


6  -  FOOTBALL  HELMETS 

Alley,  R.  H.  .  ’Head  and  Neck  Injuries  in  High  School  Football",  Journal 
of  American  Medical  Association,  May  1964. 

Abbott.  B.  W. ,  "Football  Helmet  Study”,  published  in  Frontier,  Publi¬ 
cation  of  Armour  Research  Foundation  of  Illinois,  Institute  of  Technology 
{Winter  19461. 

Gurdjian,  E.  S. ,  et  al,  "Protection  of  the  Head  and  Neck  in  Sports". 
J.A.M.A.,  Vol.  ltt.  No.  5.  3  November  1962. 

Lombard.  C.  F. ,  Football  Helmet  Design,  from  Confidential  Report 
on  Present  Research  on  Football  Helmets  and  Future  Study  Needs.* 

Miller,  F.  L.  .  "An  Investigation  of  the  Impact-Absorbing  Qualities 
of  Selected  Football  Helmets".  Indiana  University,  Bloomington. 

Indiana,  1959. 

Schneider.  R.  C.  .  et  al.  "Serious  and  Fatal  Football  Injuries  Involving 
live  Head  and  Spinal  Cord".  J.  A.  M.  A. ,  12  August  1961. 

Snively,  G.  G. .  et  al,  "Design  of  Football  Helmets",  Research  Quarterly 
32.  May  1961. 


7  -  HEAD  ACCELERATION  UMITS 

Campbell,  E. .  et  al,  "The  Incidence  and  Significance  of  Shock  in  Head 
Injury".  Annals  of  Surgery.  November  1953. 

Coe,  G.  B. .  et  al.  "Brain  Injury  from  Local  Impact  without  Skull 
Fracture",  Mil.  Surgeon,  December  1952. 

Courville,  C.  B. .  "Centre -Coup  Mechanism  of  Cranio-Cerebral  Injury", 
Archives  of  Surgery  45:43,  October  1942. 


*  duplication  data  not  recorded. 


Churchill.  Antioch  College.  Nomograph*  of  Head  Measurement*.  WADC 
Technical  Report  53-14,  May  1955 

Dr.  Richmond,  "Tertiary  Blast  Effect*:  Loveland  Foundation, 
Albuquerque.  N.  M.  .  ”  In  Air  Medical  Journal  -  Summer  1962 
(approximately)  - 

Franke,  E.  K. .  The  Response  of  the  Hamas  Skull  to  Mechanical 
Vibration*,  WADC  Technical  Report  54-24*  ffWember  1954. 

Friede,  R.  L. .  The  Pathology  and  Mechanics  af  Experimental 
Cerebral  Concussion,  WADD  Technical  Report  61-256,  March  1961. 

Gurdjian,  E.  S.  ,  et  al.  'Studies  on  Experimental  Concussion:  Relation 
of  Physiologic  Effect  to  Time  Duration  of  Intracranial  Pressure  Increase 
at  Impact”.  Neurclonr,  September  1954. 

Gurdjian.  E.  S. ,  et  al,  ’Studica  on  Experimental  Concussion:  Relation 
of  Physiologic  Effect  to  Time  Duration  of  Intracranial  Pressure  Increase 
at  Impact”.  Wayne  University  Neurosurgical  Service.  Grace  llosoital, 
and  College  of  Engineering,  Detroit,  Michigan.* 

Gurdjian.  E.  S. .  et  al,  ’'Observations  on  Prediction  of  Fracture  Site  in 
Head  Injury”,  Reprint  from  Radiology,  Vcl  60,  No.  2.  pp.  226-235. 
February  1953. 

Gurdjian,  E.  S. .  et  a3.  Quantitative  Determination  of  Acceleration  and 
Intracranial  Pressure  in  Experimental  Head  Injury  (Preliminary  Report) 
Wayne  University  Neurosurgical  Service,  and  Engineering  School. 
Journal  of  Neurology.  Minneapolis.  June  2953. 

Gurdjian.  E.  S.  ,  et  al.  ”A  Study  of  the  Mechanical  Behavior  of  the 
Skull  and  Its  Contents  when  Subjected  to  Injuring  Blows”.  Wayne 
University  and  Grace  Hospital.  Detroit.  Michigan.* 

Gurdjian.  E,  S. ,  et  al.  "Head  Injuries”,  Little.  Brown,  Page  71,  1953. 

Gurdjian,  £.  S.  ,  et  al.  "Photoelastic  Confirmation  of  the  Presence  of 
Shear  Strains  at  the  Craniospinal  Junction  in  Closed  Head  Injury”, 
Reprint  from  Journal  of  Neurosurgery.  2961. 

Gurdjian.  E.  S. .  et  al.  "Intracranial  Pressure  and  Acceleration 
Accompanying  Head  Impacts  in  Human  Cadavers1',  from  Surgery,  Vol. 
113.  pp.  185-190.  August  1961. 


♦Publication  not  recorded 


71 


Gabb,  J,  E. .  "Protection  of  the  Head",  Institute  of  Aviation  Medicine. 
Koyti  Air  Force.  Faraborough.  Haute.  England,  industrial  Medicine 
and  Surgery.  September  1961. 

Girling,  F. ,  et  al.  Dynamic  Testing  of  Energy  Absorbing  Materials, 
Defense  Research  Medical  Laboratories,  Toronto,  Canada  DRB  Proj. 

No.  D50-93 -20-02.  1991. 

Giggio.  A.  F. ,  "The  Mechanism  of  Contra-Coup  Injuries".  The  Journal 
of  Neurology  and  Psychiatry  4:11,  March  1941. 

Gross,  A.  G. .  "impact  Thresholds  of  Brain  Concussion",  Journal  of 
Aviation  Medicine.  Vol.  29.  No.  10.  October  19$t. 

Gross,  A.  G. .  "A  New  Theory  on  the  Dynamics  of  Brain  Concussion  and 
Brain  Injury",  Journal  of  Neurosurgery,  Yol.  XV,  No.  5,  1956. 

Gurdjian.  E.  S. ,  et  al,  "Experimental  Head  Injury  with  Special  Reference 
to  the  Mechanical  Factors  in  Acute  Trauma".  Reprint  from  Surgery. 
Gynecology  and  Obstetrics.  May  1943. 

Gurdjian.  E.  S. ,  et  mi,  "Mechanism  of  Hemd  Injury  as  Studies  by  the 
Cathode  Ray  Oscilloscope ",  Reprint  from  Journal  of  Neurosurgery, 
November  1944. 

Gurdjian.  E.  S. .  et  al.  "Deformation  of  the  Skull  in  Head  Injury:  A 
Study  with  the  *Stresscoat*  Technique",  Reprint  from  Surgery,  Gynecology 
and  Obstetrics.  Vol.  91.  pp.  679-69? .  December  1945. 

Gurdjian.  E.  S  .  et  al.  "Mechanism  of  Skull  Fracture".  Wayne 
University  and  Grace  Hospital,  Detroit.  Michigan  March  1950. 

Gurdjian,  E.  S. ,  et  al,  "Deformation  of  the  Skull  and  Head  Injury  Studied 
by  the  'Stresscoat*  Technique.  Quantitative  Determinations".  Reprint 
from  Surgery,  Gynecology  and  Obstetrics,  Vol.  94.  pp.  219-233, 

August  1946. 

Gurdjian.  E.  S. ,  et  al,  "The  Mechanism  and  Management  of  Injuries  of 
the  Head",  J.  A.  M.  A. .  26  July  1947. 

Gurdjian.  E.  S. .  et  al,  "Experimental  Cerebral  Concussion",  American 
Society  of  Mechanical  Engineers,  Paper  No.  60-WA-273,  1960. 


72 


Gurdjian.  E  S  .  et  *1.  'The  Mechanism  of  Production  of  Linear  Skull 
Fracture”.  Reprint  from  Surgery.  Gynecology  and  Obstetrics.  Vo! 

85.  pp.  195-210.  August  1947 

Gurdjian.  E  S. .  et  al,  ’The  Mechanism  of  Skull  Fracture”,  from  the 
Department  of  Surgery  and  Engineering  Mechanics.  Wayne  University, 
and  Department  of  Neurosurgery.  Grace  Hospital.  Detroit.  Michigan. 
1949 

Gurdjian.  E.  S. .  et  al<  "Studies  on  Skull  Fracture  with  Particular 
Reference  to  Engineering  Factors".  Reprint  from  the  American  Journal 
of  Surgery.  Vol.  LXXVIH.  No.  5.  pp.  756-742.  November  1949. 

Haddad.  B  F  ,  et  al.  "Experimental  Concussion-  Relation  of 
Acceleration  to  Physiologic  Effect".  Neurology.  November  1955 

Haddon.  W.  A. .  et  al,  "A  Survey  of  Present  Knowledge  of  the  Physical 
Thresholds  of  Human  Head  Injury  from  an  Engineering  Standpoint”. 
Harvard  School  of  Public  Health.  Boston.  Mass.  .  *9  March  1958. 

Holbum.  A.  H  S  .  "Mechanics  of  Head  Injury".  The  Lancet  Journal 
of  British  and  Foreign  2:458,  July  «  December  1945 

Lawton.  R.  W_  .  ’Head  Tolerance  to  Impact  Blows",  Cornell  University 
Medical  College.  4 

Lissner.  H.  R. ,  et  al,  "Experimental  Studies  on  the  Relation  Between 
Acceleration  and  Intracranial  Pressure  Changes  in  Man”.  Surgery. 
Gynecology  and  Obstetrics.  Vol.  III.  September  1960 

Lombard.  C.  F  ,  et  al.  Voluntary  Tolerance  of  the  Human  to  Impact 
Acceleration  of  the  Head.  Journal of  Aviation  Medicine.  Vol  &2,  No  2. 
April  I9$i. 

Patterson,  J  L  .  et  al.  "The  Circulation  and  Respiration  in  Induced 
Acute  Head  Injury".  Medical  College  of  Virginia.4 

Pur  den*.  R.  H  .  et  al.  "The  LucUe  Calvarium:  A  Method  of  Direct 
Observation  of  the  Brain"7  TbT  journal  of  Neurosurgery  i: 504, 
November  1946. 

Snively.  G.  G.  .  et  al.  "Impact  Attenuation  in  Protection  Against 
Concussion".  Snell  Memorial  Foundation.  Inc.  .  San  Francisco,  Calif.. 
1961 

4  Publication  date  not  recorded. 


73 


Snivel?,  C.  G.  ,  et  al,  "Impac:  Survival  Levels  of  Head  Acceleration 
in  Mas*',  J.  Aviation  Medicine.  30  April  1961. 

Stapp.  J,  P. ,  "Effect*  of  Mechanical  Force  on  Living  Tissue  -  Abrupt 
Deceleration  and  Windblast",  J.  Aviation  Medicine,  Vol  26.  1955. 

Stapp,  J.  P. »  "Effect*  of  Mechanical  Force  on  Living  Tissue  -  Super* 
sonic  Deceleration  and  Windblast".  J.  Aviation  Medicine  27,  1956. 

Stone,  G. ,  "A  Study  of  the  Static  Strength  Characteristic*  of  the  Human 
Neck”,  York  University.* 

Von  Gierke,  H. ,  "The  Effect  of  Shock  and  Vibration  on  Man",  Naval 
Medical  Research  Institute,  I960. 

Weaver.  ■** e  **  *1»  Encapsulation  of  Human  in  Rigid  Polyurethane  Foam 
for  use  as  a  Restraint  System  in  High  Acceleration  Environment.  Report 
No.  NADC.  MA.tidi,  Vi  May  19&2 

Zeller.  A.  F. .  et  al.  Relation  of  Injury  to  Force*  and  Direction  of 
Deceleration  in  Aircraft  Accidents.  Journal  of  Aviation  Medicine.  Vol. 
i9.  No.  10.  op.  *39-^49.  October  1958. 

Denny- Brown,  D  .  et  al.  "Experimental  Cerebral  Concussion". 

25  April  1945 

Denny-Brown,  D. .  ,!Cerebral  Concussion”.  Physiology  Review.  Vol. 

25.  April  1945 

Lissner.  H.  R -  -  et  al.  "Engineering  Aspects  of  Fractures",  Clinical 
Orthopedics  ft.  1958. 

Meyer.  J.  S. .  et  ai,  'Studies  of  Cerebral  Circulation  in  Brain  Injury", 
Neurophysiology  7,  1955. 

Wahl,  N.  E. .  et  al.  Head  Impact  Investigation.  Report  OG-537-D-9 
( attract  No.  N60ORT-1 1 9  December  1945 


™  Publication  date  not  recorded. 


74 


$  -  HIGH  KOBE  LEVEL  COMMUNICATIONS 


Office  of  Naval  Research.  Minutes  of  Conference  oc  Effective  Life 
Support  Helmets.  Sponsored  by  the  Office  of  Naval  Research  and  Bio- 
Technology,  Inc..  Report  No.  64-3.  1964. 

Radio  Corporation  of  America,  Communication  in  High-Level  Ambient 
Noise  Fields,  Noise  Analysis  and  Equipment  Performance,  Final  Report. 
Phase  T,  Contract  No.  DA- 36-0 3 9 -SC  64469,  1955. 


75 


r- 

-*e?V  fi- 


APPENDIX  5 

DISCUSSION  or  AUXILIARY  HELMET  EQUIPMENT 


The  factors  which  the  U.  S.  Armv  consider*  in  arevidins 

n  *  *  ts* 

headgear  for  aviator*  were  listed  previously  la  Approach  to  the  Problem 
(page  5  ).  Five  of  these  item*  which  lead  to  the  installation  of  auxiliary 
equipment  are  discussed  briefly,  and  their  effects  on  the  crash  pro* 
tective  qualities  of  a  helmet  are  noted  below. 


VOICE  COMMUNICATIONS  AND  NOISE  ATTENUATION 


Six  communications  manufacturers  were  contacted  during  this  study  to 
determine  the  state  ?f  the  art  in  regard  to  communications  equipment. 
These  contacts  indicate  that  miniaturised,  effective  communications 
equipment  is  available:  it  remains  for  the  purchaser  to  specify  the 
operational  acoustical  environment  and  degree  of  speech  clarity  that  is 
required  or  desired. 

The  noise  level  in  tse  Army  aircraft  is  100  decibels  and  sometimes 
reaches  115  decibels  (reference  14);  therefore,  any  type  of  communi¬ 
cations  equipment  must  provide  means  cf  reducing  cockpit  noise  to  more 
tolerable  levels. 

A  tentative  list  of  requirements  for  a  good  communications  system  in 
U.  S.  Navy  military  aircraft  should  include  the  following  factors  a» 
taken  from  reference  5. 

1.  The  range  of  frequency  response  should  be  between  100  and 
10.00G  cycles  per  second  with  minimum  distortion.  The  high 
frequency  requirement  is  necessary  for  speech  clarity,  espec¬ 
ially  for  consonant  sounds. 

2.  Signal -to -noise  ratio  «  A  minimum  of  15  decibels  is  suggested. 

3.  Noise  attenuation  •  30  decibels  minimum  between  300  and  1,200 
cycles  per  second  is  suggested. 

In  regard  to  the  selection  of  a  microphone,  it  appears  that  a  contact 
type  is  inferior  to  a  condenser  or  noise -cancelling  dynamic  type. 

This  statement  is  based  upon  the  results  of  speech  transmission  tests 
conducted  by  the  U.  S.  Navy  School  of  Aviation  Medicine  at  Pensacola, 
Florida’.  These  tests  revealed  a  definite  deterioration  in  the  contact- 
mi he  speech  clarity  at  100  decibels  and  above. 
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The  receiving  equipment  can  be  of  the  earplug  type  or  of  the  earmuff 
type,  as  long  as  good  noire  attenuation  and  good  voice  communication 
are  achieved.  Attenuation  up  to  about  40  decibels  {depending  on  frequency) 
css  be  achieved  with  earmuff*.  This  value  is  superior  to  that  of  the 
earplug,  alone  because  o!  the  reduction  in  bone  conduction  when  the  ear- 
muff  Is  used.  It  has  been  noted  in  reference  14  that  a  fungus  growth 
resulted  from  the  use  of  earplugs;  thus,  it  may  be  necessary  to  con¬ 
sider  the  use  of  special  materials  for  items  contacting  the  skin  to 
eliminate  this  problem. 

Regardless  of  whether  an  earplug  or  an  earmuff  is  utilized  for  voice 
communication*,  the  device  must  be  so  designed  that  it  reduces  the 
injurious  effect  of  an  impact  in  this  area. 

Doe  final  point  on  communications  is  worth  consideration.  If  the 
communications  system  is  an  integral  part  of  the  helmet,  the  helmet 
will  probably  always  be  on  the  we«rer*s  head,  where  it  can  provide 
crash  protection,  whereas,  if  as  independent  communications  system 
(similar  to  a  telephone  operator's)  were  used,  the  pilot  would  be 
less  prone  to  make  use  of  his  helmet,  especially  in  hGt  climates. 

Tie  experimental  helmet  developed  in  this  program  contains  a  provision 
for  noise  attenuating  earmuffs  which  are  filled  with  polyurethane  foam. 
These  ear  muffs  were  supplied  by  Carter  Engineering  Company  of  Los 
Angeles,  California;  their  literature  indicates  that  these  muffs  can 
attenuate  noise  by  4u  decibels  in  the  range  of  1, 000  to  ?.  000  cycles  per 
second  frequency  They  are  of  smaller  sise  than  the  existing  earmuff* 
in  the  AFH-5  helmet  and  are  much  lighter  in  weight  The  use  of  smaller 
earmulfs  provides  enough  extra  space  for  the  incorporation  of  energy¬ 
absorbing  material  over  the  ear  area.  Although  these  earmuffs  appear 
to  be  an  improvement  over  those  sow  used  is  the  APH-5  helmet,  they 
are  not  to  be  considered  optimum  equipment,  since  this  area  has  not 
been  investigated  in  this  study. 


INTEGRATED  SUN  VISOR 


The  operational  advantages  of  a  sun  visor  which  is  permanently  attached 
to  the  helmet  structure  were  not  evaluated  in  this  study.  The  com¬ 
promises  to  the  crash  protective  qualities  of  the  helmet  incurred  by  its 
use  are  discussed  however. 
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!.  Addition*)  weight  i*  sdced  In  the  least  desirable  position,  that 
is.  in  the  frontal  area  of  the  helmet. 

2.  Additional  thickness  and  weight  will  result  in  a  higher  center 
of  gravity  and  higher  susceptibility  to  rotational  displacement. 
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3.  The  attachment  of  the  visor,  inside  or  outside  the  helmet  outer 
shell,  will  result  in  injury  producing  obstruction*  unless  extreme 
care  and  thought  is  put  into  the  design.  Some  type  of  slide  or 
rotational  attachment  must  be  provided;  even  if  this  hardware  is 
made  from  plastic  materials,  the  density  is  still  many  times 
over  that  cf  the  energy -absorbing  material  which  Is  displaced. 

If  the  sun  visor  is  a  necessity,  it  should  be  made  from  a  shatter  proof 
material  such  as  polycarbonate.  The  optimum  approach  would  be  to 
incorporate  the  sun  visor  fin  retracted  position}  underneath  the  outer 
shell  of  the  helmet  so  that  a  smooth  outer  surface  is  maintained,  thus 
reducing  snagging  in  glancing  blows. 

The  experimental  helmet  model  developed  under  this  contract  dees  not 
include  a  sun  visor  because  of  the  compromises  it  offers  to  crash  pro¬ 
tection;  however,  a  visor  could  be  installed,  underneath  the  outer 
shell,  if  necessary. 


EYE  PROTECTION  AGAINST  NUCLEAR  WEAPONS  FLASK  BLINDNESS 


A  nuclear  Sash  visor  has  been  developed  by  the  Navy  and  the  Air  Force; 
however*  additional  work  in  this  area  appears  necessary  before  a  com¬ 
pletely  operational  unit  compatible  with  crash  protection  is  evolved. 

The  Navy  Sash  blindness  protective  helmet  has  a  reduced  field  of  vision 
over  that  obtainable  with  the  AJPH-5;  however,  it  does  accomplish  its 
purpose  within  the  required  time  span.  All  of  the  comments  made  above 
with  respect  to  the  sun  visor  are  appropriate  to  the  Hash  visor  problem. 


OXYGEN  AND  GAS  MASK  PROVISIONS 


The  incorporation  of  oxygen  and  gas  masks  in  a  protective  helmet  is  not 
considered  a  difficult  task.  The  attachment  of  these  items  to  the  helmet 
should  be  accomplished  with  a  minimum  number  of  bolts,  studs  or  snaps, 
so  that  the  outer  shell  surface  smoothness  U  maintained  and  so  that  no 
injury  producing  objects  will  be  pushed  through  the  energy -absorbing 
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material,  it  appears  feasible  to  consider  the  oxygen  mask  as  a  face 
guard,  that  is.  design  it  so  that  impact  protection  of  the  face  is  also 

provided. 


BALLISTICS  PROTECTION 


A  helmet  which  will  pro*~id*  protection  against  small  arms  fire  is  not 
currently  compatible  with  light  weight.  In  view  of  this  incompatibility. 
It  would  appear  move  practical  to  provide  ballistics  protection  in 
another  manner  than  incorporating  it  Into  the  helmet  if  seif. 

The  double -shell  concept  proposed  is  this  study  permits  the  strengthen¬ 
ing  of  the  inner  shell  for  increased  ballistics  protection  with  a  lower 
weight  penally  than  for  equal  preteciiost  in  a  single-shell  type*  since 
the  sneer  shell  contains  a  smaller  surface  are*  than  that  sf  the  outer 
shell. 


81 


APPENDIX  H 

HEAD  INJURY  IMPACT  SlfkS  TS  MILITARY  AND 
CIVILIAN  AIRCRAFt  Attfbtsfi 


In  order  to  determine  the  probable  location  of  the  heed  injuries  which 
will  be  experiences  by  air  c?nrm«,  1.67 9  civilian  and  military 
accidents  involving  1,953  occupants  were  reviewed.  The  Statistical 
study,  which  was  based  on  both  military  and  civilian  accidents  occurring 
since  s952,  was  comprised  of  637  accidents  which  yielded  896  occupant/ 
cases  of  head  injury.  The  civilian  cases  were  selected  from  accidet te 
involving  aircraft  similar  in  gross  weight  and  performance  to  current 
U.  5.  Army  aircraft.  The  information  :a  this  study  has  been  used  to 
determine  the  required  area  of  coverage  for  a  protective  helmet. 


OBJECTIVES 

The  objectives  of  this  study  were  the  determination  of: 

1 .  Location  and  frequency  of  head  injuries  and  impact  sites 
including  facial  injuries. 

2.  Type  of  head  iajury. 

3  Causative  agent  or  geometric  surface  onto  which  me  head 
impacted. 


LIMITATIONS 


The  cases  studied  were  limited  to  the  following: 

1.  Accidents  involving  son  jet.  fixed-wing  aircraft  asc  helicopters 

2.  Accidents  involving  aircraft  without  ejection  seats. 

3.  Accidents  which  were  considered  potential!*  aurvivabl* 

4.  Crew  members  only  in  military  aircraft  accidents. 

5.  All  occupants  in  civilian  aircraft  accidents. 


SOURCES  OF  ACCIDENT  DATA 

1 .  Civilian  Accidents  -  The  data  used  in  this  study  were  d  from 

Aviation  Safety  Engineering  and  Research  (AvSER)  medical  report  forms. 
The  completed  forms  are  supplied  to  AvSER  by  Government  a^sscica. 
State  Aeronautics  Commissions  and  State  Police  Organisations.  No 
identification  of  injured  individuals  was  made. 
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2.  U.  S.  Army  -  The  bulk  of  the  d*t«  was  collected  from  the  medic*! 
report*  of  Army  accident*  is  the  AvSER  file*.  The  remainder  was 
collected  from  the  U  S.  Army  Board  for  Aviation  Accident  Research 
(USASAAR),  Fort  Rucker*  Alabama. 

J.  U-  $.  Navy  -  A  visit  was  mad*  to  the  Naval  Aviation  Safety  Center. 
Aero~Medic*i  Department,  Norfolk,  Virginia,  and  the  available  data 
were  recorded.  No  identification  of  the  injured  individuals  was  made 

4  V.  S  Air  Force  -  A  visit  wa*  *s sede  to  Nortos  Air  Force  8**e. 
California  Accident  records  of  selected  aircraft,  involving  head 
injuries  and/or  helmet  damage,  were  estaxzstaed  sad  recorded.  No 
ideRtificaiios  of  injured  individual*  war  made. 


FfcSSENTATiQN  OF  DATA 
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Ail  saedicai  data  u*«d  reported  by  pfeysi^fsn#  and  medical  officers 

in  charge  «£  injured  persons;  therefore,  t§5*  location  of  the  injury 
site*  *f?  r^latfejf. 

Two  tjfpe*  of  charts  have  bees  used  to  illustrate  the  locati^s  and  fre* 
^Betsey  of  head  iajsurSe*.  Flgate  Zl  show*  the  head  i*  <$a*dra=its,  iwi 
ji^strstes  both  the  t^srsac*  iejuries  and  the  fractures  af  the  total  po»- 
Elgar*#  Z4„  25,  *n?i  24  show  the  location  of  the  fracture*  for 
she  «tai  population.  SfcalS  fracture  may  he  lissited  tne  "impact '  site* 
however,  las  fracture  may  also  be  remote  from  the  point  of  external 
impact  fcostr*co5?)v  or  both  local  and  distant  damage  may  result  from 
the  same  impact.  Thus,  acme  of  the  fracture  locations  illustrated  is 
the  chart*  may  net  be  the  actual  site  of  impact. 

Sin*j*  the  fracture*  ii*  the  Navy  caf.es  were  reported  by  general  areas 
only,  the  location*  €«uld  not  be  represented  In  a  fracture  chart,  but 
those  that  were  applicable  were  inesuskd  is  the  quadra at  head  chart. 

The  aircraft  involved  in  the  accident*  studied  «rv  listed  according  to 
SMJr  normal  seating  eortfigaratfou  in  Table  Net*  that  *11  of  these 
aircraft  are  febvsjt  the  same  *i*v  a*  present  V.  S.  Army  aircraft. 
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RESULTS 

The  results  art  discussed  separately  ter  the  civilian  esses  and  the 
military  esses. 

Civilian 

This  froup  of  accidents  covers  the  period  from  195 2  through  1963. 
Review  was  made  of  ?3i  accidents  involving  1.491  occupants;  some 
type  of  head  injury  was  reported  in  ?§&  of  these  cases.  It  is  significant 
that  over  SO  percent  of  the  occupants  sustained  some  type  of  head  injury. 
Only  ?01  of  the  ?$•  cases  were  used  in  this  study  because  of  inadequate 
information  on  the  remainder. 

The  skeletal  chart  {Figure  24).  showing  the  distribution  of  fractures  for 
this  group,  indicates  that  with  the  exception  of  the  nasal  bone,  fractures 
are  predominant  in  the  frontal  area  of  the  skull.  The  frontal  bone  sus¬ 
tained  14  percent  of  the  fractures,  and  it  is  possible  that  a  considerable 
eumber  of  the  fractures  in  the  occipital  area  were  also  caused  by  frontal 
blows. 
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Internal  Head  la  juries  -  The  medical  reports  in  many  cases  indicated 
that  some  degree  of  cerebral  concussion  was  sustained.  Of  the  70a  cases. 
358  (51  percent)  are  reported  to  have  sustained  some  degree  of  cerebral 
concussion  along  with  either  fractures  or  lesser  injuries.  It  was  also 
observed  that  75  percent  of  the  above  358  cases  sustained  some  period 
of  unconsciousness. 


Causative  Factors  of  Head  Injuries  -  The  structural  components 
of  the  occupant  area  which  were  directly  or  indirectly  responsible  for  the 
head  injuries  were  identified  in  581  of  the  ?Qi  civilian  cases.  These 
components  are  listed  in  Table  10  in  a  descending  order. 

TABLE  10 

HEAD  IMPACT  SURFACES 
(581  Civilian  Cases) 


Instrument  or  instrument  panel  330 

Windshield  or  windshield  frame  87 

Door  posts  or  door  frame  68 

Back  rest  of  front  seat  65 

Overhead  structure  or  canopy  61 

Side  or  forward  braces  50 

Control  wheel  38 

Controls  12 

Cowling  12 

Loose  objects  8 

Side  cabin  window  7 

Miscellaneous  22 

Total  760 


The  highest  frequency  component  is  the  instrument  panel  (330).  while 
the  windshield  area  is  next  in  order  (87).  These  two  areas  are  respon* 
sibie  for  over  half  of  the  reported  Head  strikes.  Since  these  data  apply 
to  civilian  accidents  in  which  shoulder  harnesses  were  not  worn,  it  must 
be  used  with  caution  when  considering  military  aircraft  in  which  shoulder 
harnesses  are  standard  equipment.  The  limited  amount  of  injury  data 
for  the  military  aircraft  shows  frequent  lateral  impacts  against  door 
posts  and  window  frames,  especially  in  helicopter  accidents.  Thus, 
it  appears  that  these  surfaces  may  be  involved  in  head  impacts  as  often 
as  the  instrument  panel  in  military  aircraft. 
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Military 


Army  -  The  Army  cues  for  the  period  1956  through  196)  cover  256 
accident#  with  335  occupants.  This  group  yielded  94  head  injury 
accidents  in  which  128  occupants  sustained  some  type  of  head  injury. 

Air  Force  -  A  review  of  the  available  Air  Force  accident  case  histories 
for  the  years  1960  through  1963  produced  li  accidents  in  which  29 
occupants  sustained  some  type  of  head  injury.  The  injuries  of  the  head 
were  not  specified  for  five  cases  and  a  total  of  24  cases  were  used. 

Navy  «  A  review  of  applicable  Navy  records  yielded  ?4  accidents  for  the 
period  *958  through  1963  with  a  total  of  98  occupants.  The  specific 
site  of  head  injuries  was  not  available  in  many  of  these  cases;  however, 
43  cases  were  specific  enough  to  be  used  is  the  quadrant  head  injury 
chart  (Figure  23}. 

Thus.  195  Army.  Air  Force,  and  Navy  eases  are  included  in  this  study. 
In  the  Army  and  Air  Force  cases.  63  fracture  sites  were  noted  as  shown 
in  Figure  25.  It  is  significant  that  the  parietal  segment  contains  the 
largest  percentage  of  fractures  in  the  cranium.  This  is  a  reversal  of 
the  tread  for  the  391  civilian  fractures  (Figure  24),  in  which  the  frontal 
bone  sustains  the  largest  percentage  of  cranial  fracturss.  Several 
factors  may  be  responsible  for  this  reversal.  The  first  factor  is  the 
use  of  a  shoulder  harness  by  military  personnel,  which  usage  lowers 
the  frequency  of  frontal  head  blows  in  many  accidents.  The  second 
factor  is  the  large  percentage  of  helicopter  accident  cases  in  the  mil¬ 
itary  dam  la  which  the  occupants  are  subjected  to  more  lateral  blows 
than  with  the  civilian  fixed-wing  aircraft. 

In  this  group  of  195  head  injury  cases,  the  medical  reports  revealed 
that  113  ($8  percent)  experienced  some  degree  of  concussion.  It  was 
further  indicated  that  out  of  the  113  concussion  cases,  45  (40  percent) 
reported  some  period  of  unconsciousness. 

In  order  to  determine  the  d eg*ee  of  protection  afforded  by  existing 
helmets,  those  cases  in  which  they  were  worn  were  studied  to  deter¬ 
mine  whether  they  were  retained  during  the  crash  and  whether  or  not 
adequate  protection  was  provided  when  retained. 

Helmet  information  wan  specified  in  77  out  of  128  Army  cases  studied. 
Only  29  of  the  occupants  wore  helmets.  Of  the  29  wearing  helmets, 
only  16  retained  them  during  the  crash.  Of  the  16  cases.  11  (69  percent) 


were  not  injured  in  the  area  protected  by  the  helmet,  while  5  {31  per* 
cent)  sustained  injury  in  this  area  (2  minor.  1  moderate.  a*td  2  fatal). 


In  the  remaining  cases  of  the  128  studied,  in  which  heirnr!*  were 
either  lost  or  not  worn,  it  is  revealed  that  ?  (11. 5  percent)  were  not 
injured  in  the  area  normally  protected  by  a  helmet  and  54  (88.  5  percent) 
received  various  degrees  of  head  injury  in  this  area  (2?  minor.  12 
moderate.  2  severe.  3  critical,  and  10  fatal).  It  is  significant  that 
injuries  were  reduced  from  88  percent  to  31  percent  by  those  retaining 
their  helmets,  a  reduction  of  65  percent. 

The  Navy  helmet  cases  could  not  be  treated  in  the  same  manner  as  the 
Army  cases  due  to  insufficient  information;  however,  some  statistics 
are  noted.  The  Navy  group  of  43  cases  indicate  that  out  of  the  3?  who 
wore  helmets.  13  (15  percent)  lost  their  helmets  while  the  remaining 
24  (65  percent)  retained  them. 

In  the  Air  force  group  of  accidents,  it  was  noted  that  12  helmet  users 
received  an  impact  to  the  head  without  receiving  head  injury;  however, 
the  area  was  sot  specified,  and  no  impact  sites  could  be  charted. 

Causative  factors  of  Head  Injuries 

Information  on  the  impact  surfaces  causing  bead  injury  was  available 
in  50  percent  of  the  Army  cases.  Those  components  which  were  named 
as  being  directly  or  indirectly  responsible  for  the  injuries  are  listed 
in  Table  11. 


TABLE  11 

HEAD  IMPACT  SURFACES 
(64  Army  Cases  *  Primarily  Helicopters) 


Windshield  or  bubble  16 

Instrument  panel  1  $ 

Side  door  or  window  frame  13 

Control  column,  pedestal  or  cyclic  stick  a 

Radio  box  or  jack  box  7 

Overhead  structure  4 

Miscellaneous  7 

Total  71 
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It  is  noted  that  even  though  the  population  of  this  group  is  considerably 
smaller  than  the  civilian  cases,  tut  :;me  components  are  frequently 
struck.  Since  the  windshield  and  instrument  panel  are  relatively  Pat 
surfaces,  it  can  be  concluded  thal  protection  should  be  pr«;1*-Ufd  for 
flat  surfaces  and  that  the  crushing  strength  of  helmet  liners  should  be 
selected  accordingly. 

All  Cases 

The  overall  frequency  of  injury  for  the  entire  group  of  civilian  and 
military  cases  is  shown  in  Figure  25.  Hole  that  the  upper  anterior  and 
the  lower  anterior  contain  88  percent  of  all  injuries. 

To  determine  if  the  area  illustrated  by  Figure  2?  requires  helmet 
protection,  injuries  occurring  in  this  outlined  area  (both  sides'}  were 
tabulated  in  civilian.  Army  and  Air  Force  accidents.  The  results 
show  that  only  4.  ?  percent  out  of  the  total  1, 641  sites  appear  here. 
Fractures  contribute  1. 9  percent  of  the  injuries  in  this  area,  and  94 
percent  of  the  fractures  are  located  in  the  basal  area  of  the  skull. 

In  a  report  describing  the  mechanism  of  skull  fracture,  A  it  was 
established  that  blows  upon  the  frontal  or  lateral  areas  of  the  head  are 
often  the  cause  of  basal  skull  fractures.  Thus,  the  fractures  in  this 
area  may  be  caused  by  impacts  to  other  areas  of  the  head.  In  either 
case,  the  small  percentage  of  injuries  implies  that  the  need  for  helmet 
protection  in  this  area  is  minimal. 

Head  fractures  of  the  total  population  (civilian  and  military)  are  shown 
in  Figure  26.  Note  that  the  facial  bones  receive  a  large  percentage  of 
the  total  fractures  with  19  percent  of  the  total  in  the  nasal  area.  15 
percent  in  the  maxilla,  15  percent  in  the  mandible  and  10  percent  in  the 
sygoma.  Fractures  in  the  cranium  indicate  that  15  percent  occurred  in 
the  frontal  hone,  10  percent  in  the  parietal,  S  percent  in  the  sphenoid* 
temporal  and  8  percent  in  the  occipital  region.  This  fracture  chart 
alio  indicates  that  the  occurrence  of  fractures  is  greater  in  the  frontal 
area.  A  comparison  of  the  total  fractures  of  the  four  areas  of  the 
facial  bones  with  the  four  areas  of  the  cranium  reveals  that  41  percent 
of  the  total  fractures  occurred  in  the  cranium.  Although  only  4i 
percent  of  the  fractures  occurred  in  the  cranium,  it  is  significant  that  88 
percent  of  the  fatalities  in  829  head  injury  cases  are  attributed  to  injuries 
in  this  area.  It  is  also  informative  that  some  degree  of  concussion  was 
experienced  in  all  cranial  fracture  cases;  this  fact  reinforces  the  state* 
meet  on  thia  subject  made  by  the  authors  of  reference  9.  at  noted  in 
The  Head  Acceleration  Limit!  section  (page  10)  of  this  report. 
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Figure  27.  Location  of  Injury  Sitae  Within  Outlined  Area 
(1.641  Injury  Sites,  $53  Caeca). 


CONCLUSIONS 

1.  Of  1,491  civilians  involved  in  aircraft  accidents,  head  injuriee  were 
contained  by  §1  percent. 

2.  Some  degree  of  concussion  was  reported  in  almost  h*H  of  the  bead 
injury  cases  studied,  and  in  these,  74  percent  experienced  some  period 
of  unconsciousness. 

3.  In  those  cases  in  which  helmets  were  worn  and  retained  on  the  head. 
head  injuries  were  reduced  by  W  percent  compared  with  those  esses 

in  vhieh  the  helmet  was  not  retained  or  worn.  (These  data  are  based  on 
a  relatively  small  sample . ) 
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4.  Since  4i  percent  of  all  head  fractures  occur  in  the  critical  cranial 
area  and  all  these  crania!  fractures  are  associated  with  some  degree  of 
concussion,  it  is  vitally  important  that  this  area  receive  ample  pro~ 
tection. 
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The  front  door  frame  adjacent  to  the  windshield  is  square-cornered 
(Figure  29);  however,  the  sheet  metal  will  easily  yield,  exposing  the 
more  ductile  wood  frame  with  a  1/S-inch  radius.  The  main  wing  spar 
and  its  support  structure  (behind  the  pilot's  head)  is  solid,  with  a  0.  10- 
inch-radius  edge  covered  only  by  a  thin  plastic  cover;  however,  this 
surface  would  only  become  dangerous  os  rebound  of  the  head.  Figure 
50  shows  the  control  wheel  of  this  aircraft  which  could  be  injurious  if 
stationary.  It  is  a  I -inch -diameter  aluminum  casting.  The  control 
wheel  would  probably  yield  on  impact  because  it  rotates  for  aileron 
movement. 


Figure  29.  Forward  Dcor  Pest  Edge  and  Wing  Main 
Beam  Support  in  C-  -t>. 
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Figure  30.  Control  Wheel  as 


TO-iD  IL-l?) 


The  instrument  p*5*j  in  zhizt  aircraft  is  0.  i£~  inch- thick  *h**miassi  plate 
whose  upper  edge  is  unprotected.  It  presents  *  siairper  edge  Uite  the 
parnsl  in  the  QH-23  Deoeiidisg  «c  tfee  direction  f?om  which  11*5*  panel 
is  struck.  it  nsay  b*  extremely  d*a$ercs*  and  it  is  known  that  if  has 
caused  fatalities  during  accident*  is  xrbicfe  hehs-et*  tsere  sot  *ora. 
Figure  35  shews  the  top  edge  «i  This  panel  Tb*  treat  door  it£nres  ay* 
protected  by  0.  iO^isch-shick  alumtzsans  sheet  ’ofith  &  radius  of  0  rd  inefc. 
Ga**et  plates  are  installed  at  ttae  top  c£  frtm l  dscr  fjsasts  at  the  wiztd- 
•creea  V -brace  attachment,.  a*  shows  in  Figure  ?2.  This  ^  s§  s  0,  50 
t.  0  Oil  aluminum  a&gle  present*  a  sharp  corner;  hour ver .  this  surface 
will  flastes  to  some  extent  wh*r^  struck.  A  O&p  Hiotur  is  *«*c he<?  to  the 
veiling  behirsd  the  pilot**  h^x.4  and  presents  a  t.  S-mch^diajsseter  -fvrfacc 
can  be  struck  or  rebcassd.  The  motor  U  normally  covered  with 
a  5. 5d®toeh  Sack  sponge  rusher  pod  ?chich  woaid  oftec  susne  pnsfectiosi 


9* 


■gywijBy.i 


■W*«®!*5SSw?C3C«  V* 


Figure  11,  Edge  Inrtrua&cat  ?««cl  is  O-iA  Aircrull. 

(Vie*-  Icut&ag  tkTcsigk  tike  wiadekield  frcas  tke 
ostiy»J 


CH-21A  (H-2i> 


7h#  forward  cockpit  window  frame  present*  an  0.05-to  0  04-inch-thtck 
aluminum  edge  of  approximately  0.  OS-inch  radius.  This  member  ha* 
been  •truck  by  pilot*  in  accident*  with  fatal  results  because  of  hslmei 
fr^chtre  a*  documented  in  reference  i  in  accident  case*  A,  D  and  E 
this  frame  flattened  under  impact  and  presented  an  edge  cf  5/2-te  i- 
inch  width.  All  other  windshield  brace*  have  she  same  radius  of  0. 08 
inch  and  are  sheet  metal  "hat"  sections  which  will  Hastes  somewhat 
under  impact.  The  overhead  panel  presents  a  0.  5$~!jG£fe~ radius  edge 
of  aluminum  sheet.  The  instrument  panel  is  well  projected  with  a 
fiberglass  glare  shield.  Figures  54,  and  55  show  the  window 
frame,  windshield  braces  and  overhead  panels  respectively. 


Fipin  34.  Hdmt  Impact  A|sifiit  Windshield  Frames  in  CH-21 


This  Aircraft  hat  extremely  close  working  quarters.  The  forward 
window -estr anc e  frame  is  about  one  foot  from  the  pilot's  upright  posi¬ 
tion.  Thin  gauge  aluminum  sheet  around  the  door  post,  which  is  slotted 
to  close  the  window  (entrance),  presents  a  0.  10- to  0,  1 3-inch-radius 
edge,  but  it  would  flatten  considerably  on  impact  (Figure  lb).  All  other 
windshield  bracing  is  within  2  to  3  feet  from  the  pilot's  head,  as  may 
be  seen  in  Figure  37.  The  radio  compass  is  located  overhead  and 
mounted  on  a  0. 06-inch  aluminum  bracket  which,  when  struck  from  the 
proper  direction,  might  have  a  piercing  effect  on  a  helmet  (Figure  38) 

A  radio  junction  box  between  the  pilot  and  copilot  seat  can  be  struck  on 
rebound  (Figure  39).  but  the  thin  sheet  would  probably  flatten  under 
impact.  The  instrument  paaei  is  well  protected  by  a  fiber  glass  glare 
shield. 


Figure  36.  Helmet  Impact  Against  Forward  Window 
Entrance  Frame  in  UH-19. 


Figure  37.  Helmet  Impact  Against  Windshield  Frame  in  UH-19, 


Figure  3S.  Helmet  Impact  Against  Edge  of  Radio  Compass 
Mounting  Bracket  in  UH-19. 
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Figure  39.  Position  sod  Edges  of  Radio  Junction  Bos  is  UH-I9 
CH-34CCH-34) 


This  aircraft  is  somewhat  similar  to  the  UK*  19,  but  has  a  slightly 
larger  cockpit.  The  forward  window -entrance  frames  contain  a  0.  50- 
inch -radius  aluminum  shield  around  a  solid  square  framing  (0.  50  x 
0.  25  inch)  with  sharp  (0. 05  is  chi  comers.  The  overhead  window  frames 
are  made  &S  0  030-inch  aluminum  channels  attached  to  steel  frames 
(see  Figure  40)  The  overhead  radio  panel  is  square-cornered  and 
would  not  yield  on  impact:  however,  it  is  not  likely  to  be  struck  unless 
the  aircraft  is  inverted  A  rotor  brake  handle  is  also  located  on  the 
pilot's  side  of  the  overhead  radio  panel.  The  cast  iron  handle,  with 
a  1 -inch-diameter  steel  knob,  would  net  easily  yield,  but  is  not  a  likely 
striking  surface  unless  inverted.  A  fuse  box  between  the  pilot  and 
copilot  seat  is  a  striking  surface  on  rebound  as  may  be  seen  in  Figure 
41 .  The  instrument  panel  is  protected  by  a  fiber  glass  glare  shield. 
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Figure  40.  Helmet  Impact  Against  tipper  Window  Frame  m  CH-34„ 


Figure  41.  Helmet  Impact  Against  Edge  of  Fu»*  Box 
oe  Po**iblc  Rebound  in  CH-34. 
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Only  two  surface*  which  could  be  potentially  dangerous  were  found  in 
this  cockpit.  Figure  42  shows  the  helmet  impacting  against  a  0.  25* 
to  0. 10-inch- radius  casting  which  is  mounted  on  the  ceiling  for  the 
attachment  of  the  sun  visor.  The  other  surface  is  a  switch  junction 
box  as  shown  ia  Figure  43  which  is  very  rigid  and  contains  a  C.  12* 
to  0.  13 -inch-radius  edge.  The  instrument  panel  is  well  protected 
as  shown  in  Figure  43. 


Figure  42 .  Helmet  Impact  Against  Sun  Visor  Mcuatiag 
Bracket  in  U-3  Aircraft. 
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Figure  41.  Helme t  Impact  Against  Switch  Junction 
Box  is  0-S  Aircraft. 


XH-40A  (Prototype  UH*1> 


The  most  objectionable  surface  is  the  cockpit  appears  to  be  the  for* 
ward  door  post.  Accident  experience  has  shown  this  to  be  a  frequent 
impact  site.  The  radius  of  the  edge  presented  is  approximately  0, 10 
inch;  however,  if  will  flatten  somewhat  co  impact.  The  instrument 
pane)  is  well  protected  by  a  fiber  glass  glare  shield.  Figure  44  shows 
a  helmet  impacting  the  door  po«t. 


Figure  44.  Helmet  Impact  Against  Forward  Door  Post  and 
Windshield  Wiper  Motor  in  XH-40  Aircraft. 


SUMMARY 


The  most  severe  impact  surfaces  is  light  military  aircraft  contain  a 
sharp  edge  or  a  rounded  corner.  The  edge  will  usually  bend  somewhat 
upon  impact  on  account  of  the  thinness  of  the  metal,  modifying  its 
threat  to  that  of  rounded  corner.  Exception  may  be  found  in  the  OH* 

23  and  TO-iD;  she  upper  edge  of  the  instrument  panel  in  these  air* 
craft  is  unprotected  and  is  not  expected  to  flatten  to  any  extent  because 
of  its  rigidity.  However,  the  chance  that  this  edge  will  be  struck  per* 
pendicularly  is  remote  and  this  knifelike  edge  is  net  considered  s  pri¬ 
mary  threat. 

It  appears,  therefore,  that  most  surfaces  within  striking  range  in 
cockpits  are  of  three  types:  (i)  flat  surfaces,  such  as  an  instrument 
panel,  (2)  corner  surfaces,  such  as  door  pests  and  window  frames,  and 
(3)  box  comer  surfaces,  such  as  protrusions  and  corners  of  mounted 
boxes,  etc  The  striking  surfaces  of  a  drop  device  should,  therefore, 
include  the  following  shapes: 
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1  A  flat  surface 

2  A  90-degree  corner  with  a  Q.  25-inch  radius 

3.  A  box  corner 

The  sharp,  box -corner  type  surface  is  noted  in  only  two  of  the  eight 
aircraft  examined  and  this  type  surface  is  not  expected  to  exist  in  other 
current  or  planned  Army  aircraft  such  as  the  U-9,  AO-i,  CY-2, 

CH-47.  XC-142.  or  the  light  observation  helicopter  in  which  environ¬ 
mental  cockpit  hazards  have  been  considered  more  closely  than  in  older 
aircraft.  Thus,  protection  against  a  sharp  surface  appears  to  be  less 
important  than  protection  against  the  90-degree  corner  and  fiat  surfaces. 
This  statement  is  reinforced  by  the  data  presented  in  Tables  10  and  li, 
of  Appendix  11.  which  indicate  that  less  than  20  percent  of  the  surfaces 
impacted  can  be  considered  sharp  enough  to  classify  as  box  corners 

Even  though  the  very  sharp  box  corner  surface  is  not  prevalent  in  un¬ 
damaged  cockpits,  accident  analysis  indicates  that  aircraft  structure 
doe*  sometimes  break  or  bend  into  the  cockpit  area  so  that  jagged, 
sharp  sections  of  stiff  metal  present  a  very  severe  impact  surface. 

Thus,  the  helmet  should  provide  some  measure  of  protection  against 
penetration  by  sharp  objects,  even  though  they  ar»  sot  the  primary 
threat  The  question  still  remains,  should  protection  against  very 
sharp  box  corner  or  cone  surfaces  equal  the  protection  provided  for 
corner  and  flat  surfaces  °  Since  there  is  presently  little  engineering 
data  available  on  the  impact  velocities  appropriate  for  the  different 
types  of  impact  surfaces,  it  is  difficult  to  access  the  relative  importance 
of  the  cone  test  m  helmet  evaluation.  Good  resistance  to  penetration 
is  intuitively  desirable;  however,  it  has  been  shows  in  Appendix  II  that 
the  incidence  of  sharp  surface  impacts  is  small  compared  to  cci-ner  or 
flat  impacts.  It  thus  appears  that  helmet  performance  against  corner 
and  flat  surface  impacts  should  not  be  compromised  iu  attempting  to 
attain  equal  protection  against  penetration  ir  the  sense  that  resistance 
at  equal  impact  energy  be  required  As  a  matter  of  interest.  Speci¬ 
fication  MXI--H-22995{WEPi  calls  for:  {1}  a  i 00 -foot -pound*  impact 
with  a  1  9 -inch -radius  spherical  impact©?  and  (2)  a  i C -foot -pound  im¬ 
pact  with  a  60-degree  cone,  os  a  10  to  i  energy  ratio.  The  ratio  should 
probahaw  be  nearer  2  to  i  and  this  can  be  approached  without  penalty 
as  shows  in  this  report 


-  Both  head  and  helmet  assembly  and  striking  mass  movable,  and  thus 
requiring  about  53  foot-pounds  to  be  absorbed  by  she  helmet  See 
Supplement  H. 


bn  the  i^sts  conduced  is*  ?i*i»  project,  the  dox  corner  was  simulated 
•skitii  a  ^-degree  cone  with  a  radius  of  0  06  inch  at  the  apex.  The  cone 
I  test  aiso  demonstrates  resistance  to  penetration  from  broken  structure 

1  And  other  sharp  objects. 


APPENDIX  IV 

HELMUT  SUSPENSION  METHODS 


A  helmet  can  be  suspended  by  two  basic  method*:  ( i  j  pads  placed  be¬ 
tween  the  helmet  and  the  head,  and  <25  a  sling  or  net  suspension  which 
is  attached  to  the  lower  periphery  of  the  helmet  sheil. 


PAP  SUSPENSION 

It  is  noted  in  reference  H  tfj*t  the  heat  retention  of  the  AFK-5  helmet 
is  the  greatest  cas&e  of  complaints  b?  users.  The  large  fining  pads, 
in  intimate  contact  with  the  undou ht*  dl  y  prevent  perspiration 

evaporation  Tsssa ,  if  are  used,  some  method  of  allowing  a*r 
circulation  aaief  asd  between  them  is  necessary  to  achieve  some  de¬ 
gree  of  comfort.  pyobaMy  the  best  method  of  achieving  natural  air 
ventilation,  whes  pads  are  used,  consists  02  grooving  the  pass  vertically 
toward  the  crown  so  that  the  rising  air  can  exit  through  several  holes 
in  the  top  of  the  I ttlmet.  E^en  tM*  method,  however,  will  probably 
inhibit  free  air  movement  t*  a  greater  extent  than  would  a  net  or  sling 
suspension. 


If  forced-air  vegtflassga  is  c^sidered  feasible,  then  grooved  or  per¬ 
forated  pads  appear  tc  be  ns^sre  acceptable.  A  forced-air  ventilation 
helmet,  manufactured  for  r.Se  by  aerial  applicator  pilots,  vs*  -xs—si- 
na<L  The  perforated  and  chazssbried  pad#  used  in  this  helmet  are  shown 
in  Figure  43.  The  forced-air  ventilation  through  the  pads  6a*  proved 
to  be  beneficial  for  crop  duster  pilot*  because  filtered  air  is  forced 
into  the  helmet  from  its  aft  and  channeled  through  the  pads  and 
downward  over  the  face  *-">  shat  perspiration  removal  is  snxa&u ced- 


Tbe  advantage*  sf  a  pad  suspension  appear  to  be:  fl|  good  stabilization 
through  ad§3#Sss*£i  3>i  ped  thi^aeta:**  to  fit  the  individual.  asd  <2}  easy 
replacement  apos  deterl^r^iou-  The  disadvantages  appear  to  be:  CU 
heat  refceatias.  and  (2=  >osr  venUlatios . 


SUNG  SUSPENSION 

e>w<  re  >co>yqae 

Sur-ing  this  sissiy,  several  sr.cca-up*  nf  slitsg  in# pension*  ^ere  made  to 
aasist  is  evaluating  tsi?  Ocelot.  Typical  system*  are  shown  is  Figure 
4b.  Soth  of  the  iyi!e?si  d.  slteiches  contoju  straps  which  sstid 

fers  fhe  ratios  syu5«a  th*  ferimo?.  Although  the  si ivseosios  systems 


ion  and  Retention  Methods.  (Sketch  A 
K«t  Retention  System. )  (Sketch.  B  illustrate* 
tentiou  Syrtem.  > 


shown  is  the  figure  appear  practical  and  feasible,  it  was  decided  to 
eliminate  webbing  pressure  on  the  head  by  the  use  of  am  open  weave 
net  material,  A  net  material  yields  good  pressure  distribution  along 
with  optimum  natural  ventilation c  and  the  sweat  band  is  eliminated. 

This  suspension  system  is  shown  as  it  is  installed  in  the  experimental 
helmet  in  Figure  47.  A  crocheted  net  with  3/ i 6 -inch-diameter  openings 
was  selected.  The  crochet  net  tends  to  prevent  unraveling.  The 
material  is  manufactured  by  the  Davis  Mills  Company,  Lake  City. 

Term.  A  preliminary  evaluation  of  this  set  concept  in  the  experimental 
helmet  indicates  that  i?  will  be  comfortable  and  easily  adjustable  by  the 
use  of  the  drawstrings-  The  aii^net  suspension  appears  superior  to  any 
of  the  known  suspension  systems  in  use 


Figure  4?  Nylon  Net  Suspension  and  Ketentig&  Bars*** 
Installed  in  the  Experimental  Helmet. 
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APPENDIX  V 

HELMET  RETENTION  METHODS 


It  is  acted  in  Appendix  II  that  1  J  helmets  out  of  29  worn  were  !o*t  during 
accidents.  Obviously,  retention  af  ih*  helmet  on  the  head  in  a  crush  is 
us  Important  as  the  force  -attenuation  properties  of  the  helmet.  A  felt 
hat  which  remains  is  place  would  be  anger  is?  to  *  helmet  which  becomes 
dislodged  at  the  time  of  greatest  need.  There  are  two  requirements 
itxz  &  retention  system:  {i*  rt  must  refills  the  helmet  on  the  head  during 
crass  decelerations  which  are  equal  to  she  strength  of  the  personnel 
rstsrriifit  system,  and  fZI  it  must  sse  comfortable  The  first  require¬ 
ment  will  fsrobabiy  be  met  if  die  retention  system  is  designed  for  the 
inertia  force  osturrssss  is  a  deeeie f «tive  pulse  in  which  the  head  and 
seefe  are  ext^ssded  to  the  limit  of  survival  in  whole  body  decelerations  - 
Certainly,  larger  forces  can  be  expected  if  the  syfeole  body  restraint 
fysteni  fail*  and  the  helmet  is  impacted  is  such  a  manser  £&£.»,  a  force 
acts  upward  along  the  front  rsm  cf  the  hstmeT  designing  for  such  an 
impact  does  no?  appear  practical  asaUl  hic-ii  i>.  SEa-c^n  xtisui  the  ceck 
ssc  head  tolerance  to  -such  iorc-es  TfesS-  if  th=p  chi4;-  #£r§p  strength 
is  based  spas  the  mertia  forces  which  may  be  applied,  tl=v  destgs 
strength  is  obtained  by  multiplying  the  hebrne;  sy  the  expected 

inertia  G  factor: 


X  2.  t  safety  factor  X  S.  £ -posed  helmet  weight * 

4?@  pesards 


The  use  of  its*  strength  value  is  tentatively  recommended  usril  more 
data  are  available. 


The  ebsn  strap  £©x  das  strap  cover?  of  the  retention  harness  mss?  be 
tmc2.  assume,  io  prevent  creasing  -sdieR  forces  are  applied  which  tend 
so  roSsbe  tfer  beimv?  Hrgraliy  or  longitudinally.  The  existing  chin  strap 
^  5?  v  i  xseb  an  the  A PH-5  ts  esm^issrred  too  tide,  it  is  recommended 

sfsss  She  fee  increased  to  a  minimum  thickness  of  0.  Ob  iuch. 

Tfce  radsbmg  i»s?cfc  width  of  the  APH»5-  chin  strap  appears 


*  -v~G  upon  piausra  eestrausi  syarsem  strength  for  L-.  S.  Army 

aircraft  per  rsrtereiice  13. 

^  Bussed  upeu  the  GM  iste-rim  3-piy  ivsios  helmet  with  cacyges  mask. 
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Several  mock-up*  of  retention  concept*  were  integrate*!  with  sling  sus¬ 
pension  systems  as  previously  shown  in  Appendix  IV.  Figure  46-  Both 
of  the  webbing  suspensions  shown  in  these  s  .etches  appear  to  offer  a 
snug  fit  around  the  base  of  the  skull  which  is  necessary  to  prevent  for¬ 
ward  rotation  of  the  helmet;  however,  these  systems  are  shown  attached 
to  the  sweat  band  and  since  the  sweat  band  is  eliminated  with  an  all -net 
suspension,  the  retention  harness  must  be  attached  directly  to  the  shell 
of  the  helmet.  In  order  to  fit  the  retestien  system  as  snugly  as  possible 
under  the  base  of  the  skull,  its  attachment  to  the  inner  shell  of  a  double- 
shell  heimet  is  preferable  for  obvious  reasons. 

A  net  retention  harness  with  a  webbing  chin  strap  was  selected  for  use 
in  the  experimental  helmet  concept  as  shewn  in  Appendix  IV.  Figure  47. 
The  net  harness  is  bonded  to  the  outside  periphery  of  the  inner  shell. 

It  is  adjustable  through  a  drawstring  at  the  rear.  The  net  retention 
appears  to  be  superior  to  webbing  retention  methods  because  it  elimi¬ 
nates  fl)  localized  pressure  points  around  the  base  of  the  skull  and 
<2*  nape  strap  adiu.TSne»t  buckles 

The  os-rtsa!  replacement  requirements  of  the  suspension  and  retention 
iesse*  were  not  considered  in  the  development  of  the  experimental 
helmet  described  herein;  however,  replacement  mav  be  made  by  the 
use  si  a  slotted  track  or  extruded  slide  along  the  lower  run  of  the  sasr 
shell  as  a in  Figure  48. 
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r  igure  4S.  Method  for  Replacement  of  -Set 

SsEC^en^iOiS  and  SetEJsSioa  ffstrsesseS- 
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The  retention  net  would  be  trimmed  with  a  bulbous  ecge  so  that  it  would 
be  retained  in  the  extruded  slide. 

The  ability  of  the  net  suspension  to  fit  the  neck  snugly  and  prevent  for¬ 
ward  relation  of  the  helmet  from  the  head  is  demonstrated  in  Figure  49. 
It  can  be  sees  in  the  photograph  shat  the  forward  edge  of  the  helmet  is 
riding  on  the  top  cf  the  nose,  but  further  rotation  was  not  possible  with 
an  application  cf  about  50-pound  force.  The  80-percentile  helmet  in  the 
figure  i*  fitted  to  a  50 -percentile  head  and  43 -percentile  neck;  there¬ 
fore.  an  extremely  loose  fitting  seimet  is  demonstrated.  A  larger 
head  ciae  would  not  permit  as  much  movement  as  indicated  here. 


Figure  49.  Photograph  Illustrating  the  Retentive  Capacity 
of  the  Nylon  Net  Harness. 

In  conclusion,  it  can  be  stated  that  any  retention  harness  should  contain 
a  peripheral  tie  around  the  bose  cf  the  skull  to  prevent  forward  rotation 
of  the  helmet  off  the  head  in  severe  crash  conditions. 
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*  °PENDIX  VI 
H^.vlET  SIZING  (FIT) 


The  importance  of  the  correct  size  helmet  for  each  individual  cannot 
be  over -emphasised,  since  an  incorrect  size  is  detrimental  to  comfort 
and  retention.  A  review  of  the  literature  to  determine  the  variation  is 
size  and  shape  of  the  human  head  has  not  revealed  icformaticd  more 
complete  than  the  Air  Force  study  A  Head  Circumference  Sizing  System 
lor  Acceleration  Design  fWADD  Report  63-631)1  This  report  i*  based" 
ape n  the  anthropometric  data  obtained  from  4, 000  flying  Air  Force 
personnel  in  1950.  The  study  reveals  that  the  variation  of  the  human 
head  in  size  and  shape  is  remarkable;  for  example,  the  ear  position 
varies  approximately  1  inch  horizontally  and  vertically  with  respect 
to  the  frost  and  top  c£  the  head.  The  head  width  varies  by  more  tsar: 
i  inch  and  the  head  length  varies  by  more  than  i-l/4  inches.  For  a 
given  head  length,  the  head  width  will  vary  by  as  much  as  1/2  inch. 

The  conclusion  was  drawn  in  the  Air  Force  study  that  a  sizing  system 
based  upon  the  head  length  and  the  head  breadth,  as  basic  dimensions . 
is  less  versatile  than  a  head  circumference  sizing  system  because  of  the 
difficulty  in  obtaining  accurate  field  measurements  of  head  length  and 
breadth;  therefore,  a  sizing  system  based  upon  the  head  circussdereoce 
only  was  recommended.  This  c occlusion  is  probably  valid  if  the  clear¬ 
ance  between  the  head  see  the  helmet  is  not  considered  very  important. 

It  appears,  however,  that  the  maximum  clearance  between  the  helmet 
liner  and  the  head  is  very  important.  With  greater  clearance,  thr 
amount  of  helmet  rotation  which  can  occur  due  to  impacts  tangent  to 
the  surface  increases,  and  helmet  retention  is  more  difficult  when 
large  rotations  are  permitted. 

The  head  length  and  bead  breadth  clearance*  permitted  by  a  5-size 
circumferential  and  a  6-size,  hea d-iength  and  bead-breadth  sizing 
system  were  examined  in  the  Air  Force  report.  It  was  noted  that  if 
a  6-size,  head-length  and  head-breadth  system  is  used  in  place  of  the 
-rently  accepted  3 -size  circumference  system,  the  head  length 
clearance  within -a -size  helmet  will  be  reduced  by  fifty  percent  and 
bead  breadth  clearance  will  be  reduced  by  tweniy  percent.  The  per¬ 
centage  reductions  stated  are  based  upon  ecual  percentile  coverage 
for  the  flying  population. 

The  following  factors  shsuM  be  considered  before  the  sizing  system 
for  aviator  helmets  is  selected:  ?!}  optimum  tit  enhances  helmet  re¬ 
tention  due  to  the  reduced  cl^araaces .  especially  for  a  nape  strap 
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harness;  (2)  optimum  fit  reduces  size  and  weight  to  the  minimum  for 
each  individual.  It  is  concluded  that  a  6-size  head- length  and  head- 
breadth  system  significantly  reduces  clearance  dimensions,  this 
system  is  recommended  especially  for  helmets  with  sape  strap  re¬ 
tention  systems.  If  the  supply  problems  of  stocking  6  sizes  are  con- 
sidered  prohibitive,  then  the  second  choice  would  be  a  4-size  system 
based  on  head  circumference  in  which  the  sizes  are  called  small, 
medium,  large,  and  extra  large.  It  will  be  more  important  to  use  a 
h-size  length  and  breadth  sizing  system  if  the  nape  and  chin  strap 
continue  in  use  as  the  prir<iary  method  of  helmet  retention.  If  a 
peripheral  ‘'collar'"  type  retention  system  is  adopted,  the  effect  of  fit 
on  retention  is  reduced,  a^d  the  3 -size  circumference  system  should 
be  acceptable. 
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APPENDIX  VO 

HELMET  COMFORT  AND  COOLING 


Comfort  is  defined  fey  Webster  as  a  state  of  ease  and  quiet  enjoyment, 
free  from  worry,  pain.  etc.  Obviousiy,  a  helmet  cannot  provide  this 
blissful  state:  therefore,  comfort  in  an  aviator  helmet  must  be  defined 
as  minimizing  the  discomfort  of  carrying  a  weight  on  the  head.  The 
helmet  wearer  should  tolerate  a  certain  degree  of  discomfort  if  con¬ 
vinced  of  the  additional  safety  provided  by  its  use. 

In  order  to  provide  a  minimum  amount  of  discomfort,  tne  following 
items  should  be  considered  in  the  development  of  a  helmet:  (11  mini¬ 
mum  weight.  (2)  minimum  moment  of  inertia.  (5)  minimum  pressure 
on  the  head  due  to  helmet  weight.  (4)  helmet  center  of  gravity  coinciding 
with  head  center  of  gravity  as  nearly  as  possible,  and  (5)  a  comfortable 
temperature  and  humidity  level.  The  first  four  items  are  discussed 
in  the  main  body  of  this  report,  but  temperature  and  humidity  are 
considered  here. 

Most  helmets  should  be  comfortable  in  lew  temperature  environments 
because  of  the  excellent  insulating  properties  of  the  energy-absorbing 
materials.  Of  course,  the  excellent  insulating  properties  work  in  re¬ 
verse  in  high  temperature  environments,  and  the  outflow  of  heat  from 
the  head  is  retarded  unless  heat  rejection  is  accomplished  through 
better  ventilation. 

Several  methods  of  cooling  a  helmet  can  be  considered  such  as  (1) 
natural  ventilation,  (2)  forced-air  ventilation,  (3)  refrigeration  by  a 
circulating  fluid,  and  (4)  thermo  electric  cooling.  None  of  the  methods 
of  cooling  were  developed  in  this  study;  however,  natural  ventilation 
cooling  was  considered  and  a  test  was  conducted  to  determine  what 
benefit  could  be  gained  from  ventilation  holes  with  a  total  area  of  3 
square  inches  in  the  aft  portion  of  the  helmet  crown.  An  area  of  5 
square  inches  does  sot  compromise  impact  protection  to  any  extent 
since  it  is  shewn  is  Appendix  II  that  a  low  frequency  of  injuries  occurs 
in  this  area.  The  temperature  tests  are  described  in  this  section  as 
follows: 

HELMET  TEMPERATURE  MEASUREMENTS  WITH  AND  WITHOUT 
VENTILATING  HOLES 


Test  Article  Description  -  Two  large  si*e  helmets  manufactured  for 
the  Air  Force  by  Consolidated  Controls  Corporation  were  used  in  this 
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experiment  The  helmet*  were  lined  with  0.  25-in ch-thiefc  vmyl  foam 
pads  in  the  front  top  and  back.  The  helmet*  were  cut  off  ai  b.  5  inches 
from  the  top  at  the  ear  canal  (tragus)  location  a*  shewn  in  Figure  50. 
The  sling  suspension*  in  the  heLmets  trere  unmodified  and  they  were 
adjusted  to  give  approximately  0.  75-inch  clearance  in  the  crown  of  the 
helmet  between  the  vinyl  pad  and  the  sling  suspension. 

Provision  was  made  to  install  a  therrmooneter  in  the  air  space  between 
the  head  and  the  crown  of  the  helmet.  A  thermometer  with  0.2  degree 
C  graduation  was  used  so  that  accurate  temperature  readings  could  be 
obtained.  The  helmet*  were  designated  A  and  B.  Helmet  B  was  drilled 
with  four  i -inch-diameter  holes  saa  3-incb  centers.  The  test  article 
is  shown  in  Figure  50. 


TEST  PROCEDURE  AND  RESULTS 

Test  No.  1  -  This  test  was  performed  indoors  under  controlled  con¬ 
ditions  to  evaluate  the  temperature  difference  inside  he'mets  A  and  B 
due  to  body  heat  alone. 

The  ambient  rcom  temperature  was  noted  at  the  beginning  of  each  test. 
The  thermometer  reading  inside  the  helmet  was  recorded  every  five 
minutes  until  the  temperature  stabilized.  The  temperature  versus 
time  data  for  this  test  are  plotted  in  Figure  51.  It  can  be  seen  that  the 
ventilated  helmet  B  was  about  1. 5  degrees  C  (3  degrees  Fj  cooler  than 
the  unventilated  helmet  A. 

Test  No.  2  -  This  test  was  performed  outdoors  to  evaluate  the  effect 
of  high  ambient  temperatures  on  the  temperature  difference  inside 
helmets  A  and  E.  The  test  procedure  \-'as  identical  to  test  No.  1  except 
that  the  helmets  were  exposed  to  the  sun  for  enough  time  to  elevate 
their  temperature  to  ambient  conditions  prior  to  denning. 

The  results  of  test  2  are  also  shown  in  Figure  51.  The  fluctuations 
noted  are  the  result  of  gusts  of  wind  ventilating  and  cooling  the  helmet 
interior  rapidly.  The  temperature  readings  were  stopped  after  45 
minutes  because  stabilized  readings  were  not  obtained  as  with  the  in¬ 
door  tests.  It  can  be  seen  that  the  average  temperature  difference 
between  helmets  A  and  B  is  about  1.0  degree  C  (2  degrees  F). 
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Natural  Ventilation  Tnmpo  ratur©  Measurement. 


Natural  Ventilation  Temperature 


The  small  temperature  difference  noted  between  the  ventilated  and 
unveritilated  helmets  alone  may  not  justify  ventilation,  however,  the 
beneficial  effect  of  perspiration  evaporation  due  to  ambient  air  move¬ 
ment  may  be  more  important  than  the  small  temperature  difference. 

In  view  of  the  low  {approximately  2 0^»)  humidity  conditions  under  which 
the  tests  were  conducted,  the  benefits  of  perspiration  evaporation  could 
not  be  evaluated.  It  may  be  that  the  upward  movement  of  air  in  humid 
climates  would  be  helpful  in  per«  pi  ration  removal.  Further  tests  with 
varying  humidity  may  be  necessary  to  determine  the  maximum  benefits 
obtainable  with  natural  ventilation. 
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